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LETTER  OF  SUBMITTAL. 


FOKE.^TRY   DlVrSION,    DEPARTMENT    OF   AaRIOULTURE, 

WasMnfjton,  I).  C,  Fcbruar}/  28,  1880. 

Sin  :  r  liav(^  tlio  lioiior  herowitli  to  submit  for  ])nblicntion  as  a  special 
r)nlh'(lii  a  proliininaiy  ]M^])()rt  by  INfr.  E.  E.  KnSscU  Tratmau,  C.  E.,  on 
tlic  usiM)!'  metal  track  lor  railways,  wliich  gives,  in  concise  form,  informa- 
tion in  ie.i;ard  to  the  use  of  this  substitute  for  timber  ties  in  foreign 
conntries. 

This  report  forms  a  fit  sequel  to  Bulletin  l^o.  1,  from  this  Division,  on 
the  "llelatiou  of  llailroadsto  Forestry,"  which  has  found  so  much  favor 
with  railroad  managers  and  engineers. 

Recognizing  that  the  enormous  drafts  of  the  railroads  on  our  timber 
resonrces  and  especially  on  the  young  growth — the  hope  of  our  future 
forestry — are  among  the  most  dangerous  factors  in  the  exhaustion  of 
onr  timber  supply,  it  is  in  the  interest  of  forest  preservation  to  keep 
railroad  managers  informed  of  the  possibilities  in  the  use  of  substitutes 
and  the  advantages  to  be  derived  therefrom. 

Through  the  courtesy  of  Mr.  George  G.  S  mith,  manager  of  the  Ghicago, 
I)nilington  and  Quincy  Railroad  Company,  I  am  enabled  to  add,  as  of 
interest  to  the  same  class  of  readers,  an  account  of  the  highly  valuable 
experiments  on  seasoning  of  timber,  undertaken  by  the  chemist  of  that 
company. 

Xotes  of  interest  bearing  on  the  same  line  of  inquiries,  such  as  have 
accumulated  in  the  Division  since  the  issue  of  Bulletin  No.  1,  have  also 
been  incorj)orated  in  the  present  issue. 

Itespectfull^'  submitted. 

B.  E.  Feenow, 
Chief  of  Forestry  Divmon. 

lion.  XOEMAN  J.   GOLMAN, 

Secretary. 


MF.TAI,  naCK  I'OK  RAILWAYS. 

( rrrliniiiiaru  luporl  uii  lite  ('sc  of  Mclnl   Trurk  on  h'ltilinnjs  in  T'Ofc'ujn  Connliics.) 

LETTER     OF    TRANSMITTAL. 

liiiooKLYN,  N.  Y.,  February  1,  1880. 

Sni:  In  acc.ordaiico  willi  the  iii'raii«;cments  made  some  time  ago,  I 
have  been  en<^a^e(l  for  several  months  in  collecting;-  material  to  be  used 
in  the  preparation  of  a  report  to  the  J>epartment  of  Agriculture  upon 
the  use  of  metal  track  upon  railways  in  foreign  countries  j  and  1  beg  to 
submit,  herewith,  a  brief  ])reliminary  report,  showing;  the  scope  of  my  in- 
vestigations, and  giving  a  general  idea  of  the  extent  to  whi(;h  such  track 
is  in  use.  Attention  has  for  some  years  past  been  directed  by  the  De- 
partment to  the  destruction  of  the  forests  of  this  country;  and  as  the 
(;onsuin[>tion  of  timber  for  railway  ties  is  very  great  (as  shown  in  Jiulle- 
tin  1,  of  the  Forestry  Division,  on  the  "  Relation  of  Kailways  to  Forest- 
ry,' and  subsequently  in  a  pa])er  by  me  presented  at  the  annual  meet- 
ing of  the  American  Forestry  Congress,  at  Atlanta,  Ga.^  in  December, 
1.S8S),  suggestions  have  from  time  to  time  been  made  that  some  form  of 
metal  track  should  be  introduced,  both  to  effect  an  economy  in  the  con- 
sumption, of  our  timber  resources  and  togivea  more  efiicient,  durable,  ami 
economical  track.  The  matter  has,  however,  been  given  very  little  prac- 
tical attention,  and  it  has  been  generally  taken  for  granted  that  the  use 
of  such  metal  track  in  several  foreign  countries  (of  which  the  home  and 
foreign  technical  journals  give  occasional  information)  has  been  entirely 
experimental.  This  is  an  erroneous  impression,  the  facts  being  thatex- 
perimclints  begun  many  years  ago  have  led  to  the  adoption  of  various 
systems  of  metal  track  in  different  countries.  A  number  of  the  systems 
tried  have  proved  fairly  efiicient  in  service,  if  not  economical;  the  sys- 
tems which  have  combined  efhciency  and  economy  are  few,  but  such  a 
combination  has  been  effected,  and  there  is  no  reason  why  it  cannot  bo 
adapted  to  and  applied  in  American  practice.  The  experiments  are 
still  in  progress,  and  careful  records  are  being  kept  of  the  results  ob- 
tained, both  with  regard  to  econo/ny  and  efficiency;  but  the  questions 
of  the  advantages  and  the  feasibility  of  metal  track  have  passed  be- 
yond the  experimental  stage,  and  metal  track  for  railways- has  been 
broiight  to  a  very  practical  issue. 

My  lirst  proceeding,  after  the  preparation  of  the  rcj)ort  had  been  de- 
cided upon,  was  to  draw  ui)  a,  list  of  heading  (piestions  r(^sp('cting  the 
subject  of  my  investigations  and  to  have  the  list  [)iiuted.  A  c()i)y  of 
this  list  is  ax)pended  hereto.     Personal  letters  have  been  written  to 


^''  of  the  worid.  aiik 

iucloMCMl  iD  order  totbow  tbe  cbaraca^r  of  the  in 

tlH»  rofiiiin  '  •  ■ 

WiiA  iiul    \«  ;  .         :     . 

rieiioe  1  nml  that  tli#>'  have  bcon  eniiiientlv  «4'  and  hiivt-  f.u 

to  aixmt  one  liiindriHl  and  twenty  ;  Komo  in  brief,  bat  a  large  narober  in 

detail,  aeeompanieil  by  planR,  «-tc.     Tli« 

ed;:nu'nl  ami  MinietimeM  a  re«|invst  for  fu 

entiiile«I  a  very  liir;:e  amount  of  |K*rHonal  aim*M|>ondence  ;  aggToi^atin;:. 

in  all,  l>et\veen  ilirw  liiintlnHl  and  lifty  and  fonr  linnd-    '  '^ 

TliiM  work  liaji  licen  rather  lalMirionH,  tint  ihr  f»»!«tf.T 

well   worth  the  trouble,  whde  the   work  ha  1  in  the  i;eltin|;  to 

pftherof  a  maHH  of  information  which  haM  1  never!"'-    *      n 

eathereil  for  imrfKMOfl  of  compilation  and  C'  •..     Thi  .1 

forei;:n  teehnit  In  luiNe  al-ui  l»e««n  «  1  1.     Tiie  vnnr.i 

information  III.,  i«d,  with  details  of  la. -  ^;«tem«  e\iien 

niented  with  or  adopted,  it  is  intended  to  projient  in  full  in  the  main  n- 
iMirr ;  meanwhile,  I  iinint;  the  iuve>' 

Ah  the  jKirtirulai  mj;  the  length  oi l  with  metal  trark 

have  lieen  obtaineil  from  many  neparate  companien  and  onic(*ni  in  maii> 
eonntries  it  is  dillleult  t<»  even  a  iti*  the  total  mileage  :  but  IIm 

figures  given  in  the  .sureeeilin-  II   iumv..  thr  -n-.n   ixf. nt   ..f 

8urh  Iraek  in  the  aggregate 

In  Kurojie  it  is  the  uKual  pLu-ri.-.-,  in  .i.Miiiou  to  tin-  iis^- uf 
traek  for  railways.  t«»  us<»  stt^'l  or  in»n  longitudinals  or  en>s»  ties,  or 
inni  **eliairs"  for  Him»t  railway  traeka,  naing  no  wood  at  all,  bat  onh 
metal  and  eoncrete.     Steel  ties  are     '  *.  n*«ively  fis«»d  fot 

tors'  tracks,  |)ortable  niilways.  narr-  and  light  niilw.i 

various  parts  of  the  world. 

With  reganl  to  thiseounti , ,  ,.  .  ,  ...i.,  ...s  »>eon  done,  alth..n-..  tr..,,. 
time  to  time  a  few  ties  of  different  patterns  have  Ihhmi  put  down  ex|Hri 
mentally.  The  IVimsylvania  Ifaib-oad  has  tri«H|  the  steel  tie  nsetl  on 
tin-  I^mdoii  and  Northwestern  Railway  of  Kngland,  but  the  trial  in 
ebidiHl  the  entire  system  of  English  tniek.»  with  ita  objeilionable  don 
ble  headrd  mil  d  in  rliairs;  a  form  of  tniek  which  it  is  to  In- 

h.»|HMUiIlinvii  iure«lin  thiseountry.     This  trial  docs  not  ronnt 

for  miirh,  esiM^-ially  aa  the  tie  complete  ia  %-er>-  expensive,  owing  to  the 
amount  of  shop,  work,       -  "  The  I* 

n».»d  Ills  tri«MJ  :i  frw  wp.  ...    n,,]  ,  , 


fmiii  tho  I<#itnilon  .i  ■      ■ 


0 

and  IIikI.^oii  Kivor  Railroad  has  tried  cast  iron  "i)Ols*'  cxjx'ii mentally 
on  a  small  scale.  This  latt^^-  road  will  make  a  carelul  trial  of  the 
'' llartfonr' steel  tie,  which  promises  well;  eiuht  hundred  of  these  ties 
ha\-e  been  ordered  ami  will  be  laid  in  April.  Another  tie  abont  to  be 
<;iven  a  practical  trial  is  the  "Standard"  steel  tie,  in  which  tlnMails 
r(\st  on  wood  blocks,  on  end  <irain,  the  arraiiii-emwnt  bein^-  somewhat, 
similar  to  a  tbrm  of  track  tried  on  the  ICastern  Ilailway  of  Fran(*e.  Of 
these  types  of  ties,  however,  1  i>refer  to  say  nothing  further  at  i)resent, 
for  the  reason  that  however  advantageous  they  may  seem,  ])ractical 
service  alone  can  decide  as  to  their  practical  advanta^ues;  and,  if  suc- 
cessful, th(\v  will  doubllcss  be  modilied  to  some  extent  to  meet  require- 
nuMits  met  with  in  exi)erience,  as  has  been  the  case  with  the  "  Post"  and 
all  other  successful  forms  of  ties. 

It  should  be  borne  in  mind  that  metal  ties  should  be  adopted  not  only 
as  a  substitute  ibr  timber  when  the  latter  becomes  scarce  or  expensive, 
but  also  (ami  more  particularly  on  main  lines)  as  giving  a  better  and 
more  ellic^ient  forin  of  track  for  fast  and  heavy  traflic.  For  a  further 
exi)lanation  of  this  view  I  would  refer  to  a  paper  on  '^  Maintenance  Ex- 
penses of  Track  on  IMetal  and  Wooden  Ties,"  by  J.  W.  Post  (with  a  dis- 
cussion written  by  myself),  in  the  Transactions  of  the  American  Society 
of  Civil  Engineers,  June,  1SS8.*  Descriptions  of  some  of  the  earlier 
forms  of  metal  track  are  given  in  Engineering  ]S"ews,  New  York,  Janu- 
ary and  February,  1887. 

In  concluding  this  introduction,  I  give  the  following  abstract  of  the 
oi)inions  presented  at  the  International  Railway  Congress,  held  at  Milan, 
Italy,  in  1887:  The  opinion  presented  at  the  Congress  at  P)russels,  in 
1885,  that  metal  ties  are  able  in  point  of  efficiency  to  compete  with 
wooden  ties,  is  not  weakened  by  the  results  of  experience  of  the  two 
years,  ami  tln^  use  of  metal  ties  is  extending.  In  point  of  economy, 
(M)nsidering  the  first  cost  and  the  durability,  the  result  depends  upon 
the  material,  the  state  of  the  metal  market,  and  upon  local  circum- 
stances. As  to  the  cost  of  maintenance,  the  question  was  not  considered 
to  be  fully  decided  on  lines  with  a  fast  and  heav^'  traffic,  but  for  lines 
with  moderate  traffic  aiul  speed  it  was  the  opinion  of  the  majority  that 
the  metal  tie  presented  advantages,  especially  after  the  lapse  of  a  suffi- 
cient time  for  the  earth  works  to  have  thoroughly  settled  and  for  the 
taking  uj)  of  all  slack  in  the  fastenings. 
I  am,  sir,  respectfully  yours, 

E.  E.  Russell  Thatman, 

P».  E.  Ferxow,  rhm.  Am.  Soc.  C.  E. 

Chief  of  Forestry  Division^  Department  of  Agriculture, 


rninid  olijoctionablo.  It  i.s  also  stated  that  as  long  as  whito-oak  ties  can  be  got  at  0.^) 
to  70  cMMitH  oacli  it  would  bo  foolisli  to  iiho  iiiotal  tics,  "fosiinij  %'.\  to  ^V  each.  'J'liat 
the  cost  for  nirtal  ties  is  not  ncc<ssnri]y  as  lii^li  as  that  given  as  object ionabb>  wili 
appear  fiirtlier  on  in  this  re[»ort;  a  good  t ir  (Dmand  patent)  being  clainnd  to  be 
jirtxlneed  from  f)ld  rails  at  the  cost  of  §1.-1').  ]•'..  F. 
"  See  reprint  in  this  BiiUetin,  p.  25. 
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REPOHT. 


EUROPE. 

England. — In  Eiifrland,  stoel  ties  have  diirinf,^  the  past  few  years  been 
tried  to  a  greater  or  less  extent  on  qnite  a  number  of  the  i)rineipal  lines. 
I'Oreniost  among  them  is  the  London  and  Northwestern  liailway,  which 
has  between  IH)  and  ,')()  miles  of  track  laid  with  the  steel  cross-tie  in- 
vented by  Mr.  F.  W.  Webb,  the  locomotive  superintendent  of  the  road, 
in  1888  there  wore  83,*2(U  of  them  in  use,  and  the  experience  with  them 
had  covered  tiien  six  and  one-half  y<»ars.  These  ties  have  been  experi- 
mented with  on  the  l*ennsylvania  Kailroad. 

Tiie  general  type  used  is  the  steel  "  inverted  trough  "  in  dinerent 
forms,  either  rolled  or  stamped.  As  the  system  of  tractlv,  however,  in- 
cludes the  double-headed  rail,  these  ties  are  fitted  with  the  usual  heavy 
(•ast  iron  chairs  to  hold  the  rail  (the  AVebb  tie  has  the  ehaiis  made  of 
steel  plates),  and  the  track  is  unnecessarily  heavy  and  costly.  The 
chi<'f  (lilliculty  is  said  to  be  in  adai)ting  the  steel  tie  to  the  doubU^- 
headed  rail,  it  being  dillicult  to  make  a  good  piece  of  work.  The  North- 
eastern l»ailway,  however,  is  trying  steel  ties  under  flange  i-ails  weigh- 
ing !M)  pounds  per  yard,  which  is  a  step  toward  the  ideaj  track  for  main 
lines. 

F/Y/«fc.— Experiments  with  metal  cross-ties  have  been  made  on  nearly 
all  the  i)rinci|)al  railways,  and  a  large  number  of  types  have  been  tried, 
but  several  of  them  have  b'een  of  coi.n plicated  design,  aiul  therefore  un- 
economical.    Longitudinal  systems  have  been  tried  to  a  small  extent. 

On  the  State  liailways  a  number  of  trials  have  been  made,  and  with 
some  forms  of  tie  very  good  results  have  been  obtained,  enabling  a 
reduction  to  be  made  in  the  maintenance  staff.  In  188(>  there  were  or- 
dered 17,000  ties  of  the  "  Post"  type  and  80,000  ties  of  the  old  "  lierg  et- 
^Larche  "  type.  In  1888  there  were  {a)  2.10  miles  laid  with  the  ^'  i»au- 
let-Lavallette"  ties,  with  double-headed  rails  in  chairs;  (/>)  7.:>5  miles 
laid  with  a  tie  similar  to  the  "Post"  type,  with  double-headed  rails, 
and  oO,000  more  of  these  ties  had  been  ordered;  (c)  8.80  miles  laid  with 
similar  ties,  but  with  llange  rails.  Of  these  {a)  had  been  laid  in  18S.j, 
{!))  and  (r)  in  1887.  On  the  Paris  and  Bordeaux  line,  4.4  miles  of  "  Vau- 
therin*' ties  of  uniforu)  thickness  were  laid  between  November,  1880, 
and  February,  bS87  ;  4. "3  miles  of ''Vautlierin  "  ties  of  vaiying  thickness 
(similar  to  the  '-Post"  type)  were  laid  in  February  and  Manji,  18S7, 
and  .50  mile  was  laid  with  the  "  Tioyemal  aiul  Ponsard"  ties  in  Apiil, 
18SS. 

The  Paris,  Lyons  and  Mediterranean  Pailway  used  an  old  type  of 
iron  tie  several  yeaisago,  but  ab;indone<l  it  on  ac(;ount  of  the  ties  cost- 
ing more  than  the  wooden  ties  and  giving  a  less  hrm  and  durable  track  ; 
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thu  I 

l«T''l  „ ,^ 

yeans  and  had  all  Uvii  taken  out  in  IH72.    Good  i.  xw  U*en  •  ^ 

taiiiiNl  with  ii>  on  tbe  AlfC^riau  iiyateni  coutrolM  by  UiU  coci 

I»aiiy.     (S4M'  • 

Tbe  Northern  Uailway  hiid  tnnl  Mctionn  of  itM  Ii«l^an?inM  vithtl..- 
**aiid  '  '  I'tieM  in   1  Hh:>,  and  laul  lO.OOOof  the  forni.  r 

•  iM'h  till.  ^. 

i  lie  WcKtern  I:  '  hich  hwmI  the  old  doable  befttletl  rail,  ban «  \ 

IMTimeiited  with  u.-i,  ti.  -  upon  which  the  rail  chnim  wore  caat;  Mbt*ni 
1.:J  iiiili'.H  wvrv  laid  in  IHST. 

The  Ka.«tiTii  Hailwav  ban  triwl  iiteel  tie*  with  wooilen  roul 

bearing;  hUnU-  '      the  railti,  and  has  n\no  laid  about  one  hnmiriMi    : 

the  •♦  Poht ""  I 

llnUnnd. —  III  tliiH  fniintry  probably  the  r; 
abb",  iMM-anne  eontiiinoim  and  j«VHt«*niatir,  ti  ....- 
triaU  have  n*Mnlt4'<l  in  iiiifimviMiKMitM  whirh  ha\ 
now  Will  known  and  i  'y  iimhI  »'  rosf  i»u-i-l  rn»w  iip  nf 

thirkness  ihi"  Ihifkhi -  increased  nnder  the  mil  »M»ai.      .    . 

"  PoHf*  tie,  the  invention  of  Mr.  Po«t,  the  engineer  of  t»ormnn«*nt  i«.i\ 
of  the  Netherlands  State  Railway  ♦ 

Htnn'lioii  fM'.\  iiii:  r.»  if .  K  .:nii  :n^  a  : ,     .    .  , 

addH  to  t  I  ill  maintenance,  and  ban  prove«l  v«r\ 

«nb-i('nt  in  si  i  \  u  .  . 

On,  the  NrtlirHiTi'  iriitwayA  tbe  exfierimentii  bavi*  lieen  "i 

projrre«w  giur  I  tie  dei(i;;ne4l  liy  Mr.  ToM  and  in. 

pn»v«'d   by  bim  ii..;ii  nrn.    i..  imn    m  the  li;jhr   of  | 
haM  Imtii  adopt4Ml  on  rhin  Hystcni.     In  the  early  par 
which  c4»inpriH«s  !»I0  niileM  of  n»ad,  had  l»l  niilen  of  track  laid  with  th.-*» 
tie«.     Of  HMMNI  ties  laid  in  lHir»,  !»,.Vi<l  wore  still  in  the  •       '         '         . 
exiMvtiMi  to  last  IwiMity  yeara  nion»,  altlion;;li  they  w«'t  r 

ty|M»  of  I  hi*  tif,  wlnrli  h:i.H  since  U»en  inipmveil  n|»on.   .\ 
out  of  iriLVKt  tie«  laid,  not  one  had  broken. 

In  the  early  part  of  IM^S  there  wen*  in  u«e  \ru;,V¥!\  tien  (altonr 
tons)  of   the  "Post"  type  in    Holland.   Heluinni,   rranc*'.   - 

Suit/erland,  and  Asia  (etdonie.s) ;  al>out  L»7'J,70<»'--    ^^u^^\\  i_..  ; : ., 

more,  includinir  tiea  for  narrow -ranee  railway  i  the  rack  rail. 

way  in  S  ?nred:  ; 

7.'MI,iNN)  ti*  tv|ie.     (>       ,  _.     _ 

/{r/5/ifiiM.— On  the  rtelfnnn  State  Hallway  nyittrm  tJic  *•  Pojit  -  tie  h.»« 
l»ei'n   laid,  biif 
Uailwm  and  ii< 

It  Khouhl  Ih5  noteil  tfia  •  economical  to  use  more  metal  t! 

|>erienci»  Ir-      '   n  to  «... 

rather  a  la  .  .  ami  ii.  . 

on  \  arion.H  liiieH,  and  one  of  liiev  ly|ie.H  apiieart^l  •  n«  n^quire- 

nit>ntH  for  f.)i(t  ami  •      •■   .-^-v..      |„  tSHTi  r  '  .  put  down 


o."»,0(K)  tics  of  llic  '^  Post"  (t>kl)  tV|K^,  ;;.">,()()()  tics  of  a  {y[)L'.  iiivoutcd  by 
tlic  chief  cii^^iiiccr  of  the  ioa4,  and  5,000  tics  of  tlic  ''  liciniird"  type. 
Some  '•  licriiaid  "  tics  were  also  hiid  in  lSSii-\S7. 

The  Grand  Ceiitial  Kail  way  has  also  had  satisfaclury  icsulls  with 
iiK'talties.  in  IST.Jlhc  supcrintcndcni  of  permanent  way  reported  that 
he  was  fnlly  satisfied  witii  th(U'Xt)eiience  then  acipjiicd  with  metal  ties, 
l)iU  he  was  unable  to  adoi)t  them  further  at  that  time  (>win<;' to  ;i  .i^reat 
advance  in  the  price  of  iioii.  In  iiis  reports  for  ISSO  and  1S87  he  slated 
that  the  favorable  results  had  been  still  more  marked,  and  durin;^  1887 
there  were  (1, 000  metal  ties  laid. 

Metal  lii's  of  the  "Coblyn"  tyj>e,  lor  li<;iit  railways,  have  been  deli- 
niicly  adopted  by  the  Societe  Anonyme  des  Ohemins  de  Fer  Econo- 
miqucs,  and  have  also  been  tried  on  the  lines  of  the  iSociete  Nationale 
des  Chemins  de  Fer  Vicinaux,  the  Netherlands  lines,  the  Liegeois  and 
Luxembourjx  division  (on  Belgian  territory)  of  the  Netherlands  State 
Railway,  and  on  the  Liege  and  Seraing  line.  Metal  ties  have  been  tried 
on  the  Belgian  division  of  the  Northern  Kailway  of  France,  including 
5,500  ties  of  the  "Bernard"  type. 

Germany. — On  the  State  Railways  a  number  of  different  systems  of 
meted  track  of  longitudinal  and  transverse  types  have  been  tried  for 
sc\eral  years,  anil  some  types  have  been  regularly  adopted  on  certain 
divisions.  The  investigations  and  trials  are  still  in  progress.  In  1887 
the  State  Railway  system  had  a  length  of  about  i;>,193  miles,  with  about 
23,002  miles  of  track;  of  this  amount  about  5,530  miles  had  metal  track — 
3,131  miles  being  laid  with  cross-ties  and  2,309  miles' with  longitudinals. 
Very  careful  records  of  the  trials  have  been  kept.  In  the  year  188G-'87 
there  were  laid  808,202  new  cross-ties  and  01,094  longitudinals.  In  Feb- 
ruary, 1888,  500,000  "Post"  ties  were  being  made  for  German  lines. 

For  the  Rhenish  Railway'  sj^stem  308,000  ties  (10,775  tons)  were  pur- 
chased in  1877-79.  On  the  Left-Bank-of-the  Rhine  Railway,  which 
coint)rises  1,081  miles,  there  are  913  miles  with  metal  cross-ties  and 
211  nnles  with  longitudinals,  the  balance  being  on  wooden  cross  tics. 
The  lirst  cross-ties  were  laid  in  1870  and  the  lirst  longitudinals  in  1872. 
Sim^e  1879  metal  sleepers  only  have  been  used.  On  the  Elberfeld  di- 
vision of  the  Prussian  State  Railways  (1,040  miles)  there  are  790.5  miles 
laid  with  wooden  ties,  702.5  with  iron  ties,  and  93  miles  with  iron  lon- 
gitudinals.   They  were  laid  in  different  years  between  1809  and  1880. 

The  experience  with  iron  longitudinals  and  cross-ties  was  very  favor- 
able, but  still  better  results  have  been  obtained  since  steel  was  intro- 
duced. ^Vooden  ties  are  still  nsed  in  great  numbers,  partly  on  account 
of  their  lower  lirst  cost  and  partly  on  account  of  the  policy  of  the  Prus- 
sian Government  to  keep  up  the  suf)ply  of  timber  by  domestic  cultiva- 
tion and  forest  management. 

Austria. — In  this  country,  longitudinal  systems  of  iuetal  track  have 
been  extensively  used.  The  Northwestern  Railway  has  a  total  of  59.;V 
miles  of  track  laid  with  the  "  riohenegger  "  system  of  longitudinals, 
and  the  economy  over  wood  is  n^portcd  to  be  noticeable.     These  longi- 


14 

tlUllliUU    il.l\«-     IMM-II     I.IMl     III     "' 

earlur  uiifj*  wt'M'ijf  iron,  Iml 

wyittem  uf  loii;;iiti«liiiuU  in  in  Uf«e  on  »  numiivr  of  ruiulfi;  clie  tirni  urn* 

lujtl  in  lS8.i,  and  ut   •' !  of  iH87  ibon;  %»    -   - .,...-.     i-^  .  . 

Ill  u\i\vH  Uiil  Mitli  t:  in  of  tnuik«  u  uui 

mountain  ilivi.MonH  ami  .  -  Aribt-ru  luuu« 

.Sifi/zrr/aii//.— Tin*  Crii...,. .  .     :.    iJ  uiuUl  Uvn  in  a -^     .. 

i\w  iMiil  of  ISHI,  and  |iro|>oAe«l  to  lay  3U,UUU  fier  annum  nil  itA  %»huli- 

HVMtcin  lia«l  U't'ii  lliiiH  lai'l.     Tin*  \Vr«i«Tii  aii«! 

using  nu'tal  lies  in  iss.j,  and  have  been  vers 

The  (iotthani  Kailway  uhuh  them  very  extenfiively,  aud  thoy  ba«< 

l»i*eii  ai!t»|»le«l  on  the  Mount  Pilatun  I:         ' 

the  lloeitli*  Works  n*iM>rte«l  that   th- 

tien  to  the  (totthunl  Uailway  and  l(j4i,U0O  to  the  Weitteni  lUilway. 

/M/{/._Mctal  trark  h  ^    '  1  very  little,  if  at  all.  and  oak   ti 

are  ohiai liable  in  ample  •,  l  at  a  nio«lei-ate  |iiK*e;  and  ah  theni' 

art}  exteuMive  timber  reMourc'e.s  Kuch  tnick  will  not  be  iieoe«aar>'  fur 
many  years.     It  hart  Ihumi  proposcnl,  however,  to  lay  «teel  tie-    ■ 
HectioiiM  of  the  Mediterraiiraii    Kailway  system.     The  (Joveri. 
UHe<l  stei»l  tieA  for  short  military  niilirayH  in  ittf  Afri&in  eainp 

Spain — The  line  from  Hillmo  to  Las  ArtMiaM  hart  7.1  inilert  •...••  M>ih 
HtiH'l  eross  tie.s,  and  it  is  In^lieveil  that  they  will  prove  mon^  eeonomieal 
tliiiu  wimnI.  Tht*  line  is  linetro  gauge.  The  Alman/.a,  Valencia  and 
Tarragona  line  has  1***1  miles  laid  with  the  l)e  Hergue  system  of  •  •-»• 
iron  plates  connectiHl  by  tie  rods.  Thirt  system  irt  found  to  give  g: 
(H;ononiy,  and  the  gauge  is  inaiiitaineil  l>etter  than  with  wcxMleu  hU«|** 
ers.  Thi*  division  ln.'t\veen  Valencia  and  Tarragona  \v;is  laid  with  Ibj 
tnu'k  in  IHUO,  and  the  division  between  Almanz:!  and  Valencia  in  li 

«Sirrr/f«.~nn  the  State  Hailways  alniiit  t\\ • 
with  metal  ties,  for  experimental  piirjMKsejs  i 
only  ease  where  they  have  been  iise<l  in  Swedeu  or  Norway. 

/*' MMKirA.— On  the  Slate  r     '  '  *      '  i( 

1>  miles  in  l.SSl-'.SI;  but  lli- 

not  been  entirely  aatisfaotory,  owing  to  the   insulUcieni   weight 
stn»nglh  of  the  lies. 

A'MJi.tiii.*— Metal  tie8  have  only  been  iisotl  to  a  very  limite«l  extent, 
two  branch  lines,  and  even  tlierw  they  have  not  lie«o  wiflicieiilly  lined 
to  enable  any  reliable  coiielnsions  to  be  drawn  from  the  ex|KTimeiits. 

AFRICA. 

Cttpt  t'o/oiiv.--TheCa|>e(fO%-eniinent  Hail  ways  have  ftomc  sections  of 
thelin. 

•Thrill-  i.n  I  <  •<  i-»    I  .-..  1.  •.-•>..■  I.  •• 

tonanc^  w««  ftutiul  hum  .m  that  of  wwMirn  Up*. 

prmrni  )•  *  -  .   • 

wifh  {III 

niro  a«  t 

AUil  out'        • 

RuMift,  tioirover,  mre  c&crp(iuu*i  *•  rvgai^U  UU<r  auU  luAlertAl.^li.  ^'  Y.  4 
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iH'tJcd  by  iriiiisvcrsc  tic  id. Is,     'V\\r    l)('hm<)ci    iJav  liailwas ,  cmc  ol' 1  ho 
uvw  lines  opi'nin.n-  up  tlii'  iiilfnor,  is  laid  priiicipallN'  with  steel  tics. 

aS(  nc</(il. — About  r),()()(l  ties  of  the  ''Se\'erae"  type  lia\'e  l>cen  ordered 
lor  the  railways  in  this  l-'reueh  colony,  (\istiron  bowls  are  used  on  the 
French  ishmd  of  Kcunion. 

h)/i/l>f. — On  the  l']«;yptiaii  Ai^Ticultural  liailways,  wiou^lit-iro!!  plates 
eonnected  by  tie  rods  ha\'e  been  used,  and  also  cast-ii'on  '*pots"  or 
bowls.  In  the  l]n.i;lisli  caaipaii;n  of  1 SS")  a  s]H)rt  len.<;th  of  lii^ht  rail- 
wa\-  of  iMluoh  Liauut',  with  (;()n'U<;*ated  sti'cl  cross-ties,  was  laid  at,  JSua- 
kini,  i)ut  tiie  line  was  soon  taken  ui). 

Ai</cri<(. — Metal  ties  aroused  on  the  Al.^'erian  lines  (MudroUed  by  the 
l\iris,  Lyons  and  Mediterranean  llailway  C()ni[)any  (Krantu');  ](),(K)(> 
ties  were  laid  in  ISTO,  and  ha\'e  i;ivcn  ^^ood  results.  In  lSU7-'(>t)  the 
.\l.i;iers  and  Oran  line  ])ut  down  1)(),()()0  iron  ties  of  the  "  Vautheriii" 
type;  the  Woui'  and  (Inclnia  line  put  down  .■),5()()  ties  of  the  "Severac" 
Type  and  1\.jO()  of  the  '^  iJoyenval-Ponsard"  type.  It  is  estinuited  that 
the  use  ol  metal  ties  has  saved  one-tburth  of  the  labor  formerly  reqiured 
for  maintenance,  or  about  $00  per  ndle  per  annum. 

ASIA. 

India. — 111  this  country,  steel  cross-ties  and  cast-iron  bowls  and  plates 
(the  latter  types  arran<>ed  in  pairs)  are  very  extensively  used,  and  the 
use  of  metal  track  is  extending  very  rapidly,  large  contracts  beinjjj  fre- 
quently awarded  for  the  compauies'  and  the  Government  lines.  Even 
in  Hurmah,  where  wood  has  beeu  generally  used  till  receutly,  steel  ties 
are  beginning  to  be  introduced. 

About  525,000  tons  of  steel  ties  have  been  sent  out  from  England 
during  the  last  few  years,  and  there  are  uearly  300  miles  of  the  State 
lines  now  laid  with  this  form  of  track;  a  large  nund)er  of  miles  of  private 
companies'  lines  are  also  laid  with  steel  ties.  The  general  results  are 
reported  to  be  good,  and  the  ties  give,  on  the  whole,  much  satisfaction. 
They  are  used  for  lines  of  1  metre  and  5  feet  G  inches  gauge. 

There  are  over  1,GOO  miles  laid  with  cast-iron  track  of  different  types, 
and  these  also  give  satisfactory-  results  in  general.  Such  tracks  have 
been  in  use  for  twelve  or  fourteen  years.  Of  the  "  Denham-Olpherts" 
type  alone  more  than  2,000,000  pairs  have  been  made  for  double-headed 
rails  and  about  000,000  pairs  for  llange  rails.  On  the  East  Indian  Hail- 
way  there  were  1,311,000  of  these '' Denham-Olpherts"  plate  sleepers 
at  the  end  of  1S87,  and  the  breakages  since  1885  had  averaged  only  0.84 
l)er  cent,  per  annum.  They  give  good  results  in  reducing  the  work  of 
maintenance,  there  being  a  saving  of  about  i)h  per  cent,  of  renewals  per 
annum.  In  some  of  these  sleepers  wooden  cushions  are  used  for  the  rails 
to  rest  on.  On  one  division  of  the  Indian  Midland  Hallway  the  percent- 
age of  renewals  of  the  -'Denham-Olpherts"  jdate  sleepers  was  0.31. 

'Japan. — A  few  cast-iron  "pot"  sleepers  were  laid  when  the  first  lines 
were  built,  about  1S71,  but  they  have  nearly  all  been  taken  up  again  and 
hardly  any  now  remain  in  the  track,  while  for  new  Hues  timber  ties  are 
used  exclusively. 


China. — Su-vi  •  :<*  In-  li  ■  jH'niut*ut  uu  tliu  ti«*« 

lailuav  wliit  li  \\a  ;  >iMr. 

Ai  srUALlA. 

and, — Tbu  llntt  tneliil  Alutsiieni  e%'er  mude  iu  Aiuttrttlia  bavr 
U-i-ii  uti*<l  iu  tliiA  culuiiy,  ail  •  •  tilal  Miction  of  a  few  in 

lia\  hi;;  liccii  laiil  witii  tlie  *' 1' ,        l>|»«-      '^"''''    '^   i*  aU-v\  • 

iiiti'iiili'il  fur  pniiriv  wurk,  when*  (bi*  tnu-i  iic*  Hurf.i* 

UHHiiul ;  it  i>  l  l«i  U»  UH«il  witliitiit  li.il 

uilli  hiirfarc  •UK*  ^i*arM  a;;<>  alMitit   l,<»^' • 

laiil,  hut  th<  ^^tttl  about  five  yeani,  lui  ihvy  ff^tivrtkUy  fractu:     i 

until  r  Ml'  till,  tudefecti%'efa«U<uiu{f«:  lbf\  ucrv 

laid  Ml  1*1 

Iu  ivKuril  to  tbu  «  i'billii*  l'billi|»M  kiuill>  re|iurt«  to  mv 

lis  ItilloWM,  iiiiiliT  «hil<'  of  .laiiii.u  «  J,  i.^-^li,  and  il  ? 
in;;  as  i»liowiii;;  tli.it  iiiftal  tr.u-k  is  ad.iptt'tl  for  •> 
with  heavy  irafli- 

1  ' 


Tilt*  ri>uiilry  la  uliiuMt  iiiiiroriiily  cvoii.  ami  t 
rivrr  crtMB****!.  '111.  i't.,t  l  m.I.n  art-  n,  i  L'f.i 
half  a  mile  bi  ^rr  llaU 

\«ilh  a  hli^ht  i•••••'t^i••>•  "i  i...'.. ,  ..^  ...  ^  ..j.liou  •■•  • 

nu\vH,  wilt  r«i  llie  river  ih  eruiwwl  with  a  low  level  limber  b: 
•    '      '  !  '  to  Cruyil-     "' 

.  more  or  '■ 


au  <  -.-     - 

M  raiU*  on  l>t  n  wi-ekn  vtvtv  KwC  ihn 

so  that  the  avi;..^     ^     ^  '^    '♦    "    ■•  -    »"  r    v» 

The  numU'r  of  mm  m  . 


The  Im'wI  «la\  • 

No  buUiiAt   h.» 

wa\H  .»«.    .kf 

I  he  !•»»*   •"• 


•.14  I 

mill- 

Ti 

ronv 

Atomic  w  ii:i   I 
ratU,  41^  iNiiit. 
pouudii  raob,  11  in 


j:i.     Tbc  • 

rnn  l<>  ib.^  bra.l    ..f  lb.     :,.^.l    .TaHx.   fr»'i.i    t!»r 
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K'O  Ions.  TluOoc'oinotivc  ('iiii>li»y^<l  is  ;i  six-\vliccl«'(l  (iiij;iiM<  of  Eii^lisli  Itiiild.  Tin- 
cttiiutrv  i)a.ssi'il  (lii()ii,^li  is  Ix-lii'Vcd  lo  ho  tlio  S(iri»sl  in  w  «•(.  weal  licr  t  o  In-  loiiiul  in 
Australia.  l>iit  so  far  no  troiibk'  lias  l)ccn  rxpt-i  irnitil  with  iIk-  lim-.  Tlu' ronntry  is 
inrcsU'd  with  \vhiti>  ants  (tcnnilcs),  and  li.'s  ol"  the  hcst  liard  woods  nl'  the  colony 
will  no!  last  Uioic  tlian  :?  years  in  llu>  I'orni  of  tits.  'I'ho  i;(»Vfrnnu'nt now  in  power 
;ut'  not  \  cr.N  ra\  orahli'  to  my  Hysli'in,  hu;  I  hojic  to  In-  aide  to  induce  t  licni  t  o  com j tide 
tin"  Crosdon  K'ail\\a.\-  on  my  Kya(t;m.  1  hclicxc  my  system  mii;lit  he  apjdied  wilji 
advanta;;o  to  your  }»rairio  country  sul»Jeet  to  heavy  rain-lalls. 

Xcir  iSoHtli  ]V((l(s. — About  l,()0(hstiH'l  cross-ties  wiMi^  laid  in  ISSl\  Jii 
1SS7  il  was  fi'poiicd  tlia(  (licv  wim'c  in  bad  coinblioii,  but  (his  may  lia\-(', 
b<'(M!  due  (if  convct)  to  the  lacf^  thai  tlie  iiiaiiiilaeliiie  of  isteel  ties  nnjis 
ill  its  iiil'aiicN   in  1SSl\ 

JSoudi  Af(.st)<(ll<(. — In  Mareh,  1S8S,  t.lio  a^'ent-^'ciieral  in  l']ni;hui(l  le- 
])orted  to  nie  tliat  nieial  sleepers  were  beini;-  laid  on  a  new  line  14;")  miles 
louiX)  not  then  open  to  tratlic, 

SOUTH  AMERICA. 

Artjcntinc  h'rpiihlic, — In  this  State,  cast-iron  "poc^^  sleepers  arc  used 
almost  exclnsivel.v,  except  in  the  far  west  and  north.  The  Buenos 
A.vresdreat  Southern  Railwa^^  which  beyan  operations  in  1805,  has 
l.);,'  miles  of  double  track  and  819^  miles  of  single  track  laid  with  cast- 
iron  slee])ers  of  an  imi)roved  desijc^n.  Tliey  are  adopted  on  account  of 
the  ditlicadty  of  procuring  good  hardwood  ties  in  suflicient  (juantity 
and  the  greater  expense  of  these  wooden  ties;  also  because  they  give 
a.  more  rigid  and  satisfactory  track.  The  Central  Argentine  Eailway 
has  240  miles  laid  with  cast-iron  track.  The  Santa  Fe  and  Cordoba 
Kailway  ordered  20,000  steel  ties  in  England  in  1888. 

Chili. — Steel  ties  have  been  tried  to  a  small  extent,  but  the  type  was 
considered  too  heavy  and  expensive.  Previous  to  the  award  in  No- 
vend)er  last,  to  an  American  syndicate,  of  the  contract  for  building  about 
780  miles  of  railways  for  the  State,  proposals  had  been  invited  by  the 
Chilian  legation  in  France  for  the  supply  of  739,400  metal  ties  9  feet 
h)ng  and  720,100  ties  4}  feet  long. 

ignited  JStatcs  of  Colombia. — There  has  been  some  talk  of  adopting 
metal  ties  on  the  Bolivar  liailway. 

MEXICO. 
The  Mexican  Ivailway  (Vera  Cruz  line)  is  using  a  large  inimber  of 
steel  ties  of  the  tyi)e  in  general  use  in  India,  and  has  obtained  very 
good  results  with  them,  especially  at  times  w  hen  the  road  has  been 
Hooded.  These  ties  were  lirst  used  in  1884,  and  at  the  end  of  June, 
1888,  there  were  4Gj^  miles  of  track  laid  with  steel  ties.  The  ]\lexican 
Central  Railway  has  been  contemplating  the  adoption  of  the  same  type 
of  tie  on  the  mountain  division  of  the  road,  the  advantages  being  that 
they  last  longer  than  wooden  ties  and  keep  the  track  in  perfect  gauge. 
The  al)ove  report  is  respectfully  submitted  for  consideration. 

E.  E.  lUlSSELL  Tratman, 
February  1,  1889.  Jun.  Am.  Soc.  C.  E, 

18G89— Bull.  3 2 
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Appmiijt  A. 

THE  "PO   ^      ^  "^ 

Thii*  tif,  «if  which  Mi  iiiiirh  ' 
ceAMfiil  of  Jill  Ihe  variouH  I>|k 
let?,  uiitl  ihij  hUcct-HH  i«  hifk'ely  due  to  tbo  caro  wUlcb  ban  been  Uk. 

Iioliii;;  thr  n 

neucc  hiustil I  •  . 

tic  in  the  rvMull  of  luiiiiy  im|irovemeuUi,  and  ropn-- 

*  '  ,  .      ll  in  ;»  H«i    !ji»:ii    II 

.^.M:irfi'  ■  i>  thai  of  ail  i 

trough,  with  Ihiriiig  hhIwi  foriiiiu;-  u  "i  »  |hiIv;:o«»;  il  i 

:    ■     1.  ill  tho  midilKs  thtMMulH  ....  '      •  '  •'     \>*^\um\  • 

•  «i  to  form  a  rill.     OiH'ofit**hi  tnvani: 

iivMM,  giviiii;  ail  ample  thlckiicHM  of  iiiriai  at  the  ruil  iMat,  v 
v:nateHt  Htifii^th  in  nijiiii\Hl,  and  a  Ii-ah  thickiifXh  at   the  mi-...     -.1 
.lid!..     Thus  thf  wcitjlit  of  the  tie*  iim  now  wmxX  ih  fniiii  110  |K>uudA  to 
IJl  puuiidri  each,  corrtvs|M»ii«liiit:  to  H.*0  ">  and  i:W.I '>  |H' 
of  uniform  MHtiou.  Thin  feature  npreiienl.s,  therefore,  a 
pri  lent,  of  metal  an  eompanM  with  a  tie  with  a  uniform  ihicknwMiiNpiil 
to  the  maximum  thirkne.ss  of  the  *♦  iVsl*'  tie.      in  the  o|HTation  of  i   '! 
inj:,  the  varying  thickness  is  ;:iven  and  also  the  hha|M»  of  the  lie,  vv      < 
the  bending  of  the  end*  to  give  the  raiU  an  inwartl  iucUnaliou  of  1  in  UO 
(in  accortlance  with  Kuroi»eau  practice)  U  clone  duriug  tbo  Hnwe  ojiem> 
tioii.  * 

The  Hhajie  of  the  middle  iiortioii  of  the  tie  is  designeil  with  a  pur; 
art  il  is  claiiiHMl  thai  l»y  iiarro\viii;»  thi.s  |)orlioii   tin    ' 
winkinj;  away  from  iimler  the  rail  neat,  an4l  in  lhi> 
and  track  uroBecurctl,  thms  diminishing  the  work  ot  mainieiiaiMv.     li 
prcvciit.H  the  t«iideiicy  of  the  halla.st  to  work  towiinlH  the  middle  aiul 
form  a  rid^e  on  whiili  the  tie  would  re.st,  jrivinR  a  rtK-kinj:  motion  to  tbo 
track,  but  give*  it  a  tendency  to  pack  well  under  the  rail  ikMl.    Tt 
cHMscd  depth  of  this  portion  ;;i\VM  ad«litional  Ktren."''  »■.»—■-'  ^« 
and  al.so  ollVrs  iiicn*a.sctl  n-.HiHtani*e  to  cnvpiup. 

The  following  are  the  principal  dinnnsioiiH,  ^wvu  la  ;l.«   i.r 
metric  measu IV  and  also  nnlucetl  to  feet  and  inches:  Ix'Ugth  ovt 
•J.:*.'*  to  lMr»  metres  (S.:;«;i  to  8.G9J  feet);  witllh  over  all  at  rail  seal,  255 
milliinetrr.H  (1).  in  inches  •.   width  «»M-r  all  at  miih! 
width  of  rail  H«»at,  1 10  inillimetreH  ( 1. 10  int  li«    '  . 
metri's  (ll.'-*0  inches);  depth  under  rail.  T  "»  millimetres  (*-V 

:J.0J  iiiche.H);  depth  at  n»  '  -•      ' 

croH-s  section  at  rail  S4Mt  \  '  ' 

millimetn-s(.*J4incb);  tbickneasat upiM»r part  .  Tmillimcfn 

inch);  thirkncsH  at  rail  s«Mt,  9  to  10  millimctr  "Mnrh^;  11...- 

ucss  at  bullholcs,  12  to  IJ  mdlimeirvs  (.IS  thickoftiiiiai 


* 


middloand  ends,  (5  to  7  niilliiiu'tics  (.'Jl  to  .'iS  inch).  Tlu  rih  on  tlic 
low  cr  cmI^'O  of  tiK'  lliiii^cs  liasTi  (Icplli  of  about  IS  inillinict  res  ( .7li  iiicli). 
and  projrcts  ahoiiL  l.'J  millinict  ros  (..")!*  im-li)  iK'yoiid  the  outer  \\{u-v,  oCtl-ie 
tlaii-(\ 

I'\)r  nari-()w-<;an,i;'o  and  li;;iit  railways  t  lio  dimensions  would  l»r  ic- 
ducod  in  accordauci'  with  the  weij;ht,  and  lor  such  lines  a  weight  <»!  7-1. (J 
to  77  i)ounds  is  considered  suHieient. 

I'\)r  rail  fastenings  reliance  has  been  phu^ed  ni)on  bolts,  and  the  i-e- 
sidts  have  been  entirely  satisfactory  ;  tlie-fa3tenin<;-s  keep  tii^ht,  pre- 
\ent  vibration  and  rattling-,  and  require  little  attention  after  the  tra(^k 
has  become  well  settled.  "Jlie  bolt  holes  are  ()blon<4',  and  have  rounded 
corners.  Tlu^  bolt  used  is  DL  lidllinietres  {'SAM  inches)  long  and  l!U  mil- 
limeters (.8S  inch)  in  diameterj  it  has  a  T-lK\id  38  by  40  nnllimeties 
(l.oi*  by  l.Sl  inches),  and  a  canrshaped  or  eccentric  neck  2'2  by  oO  nulli- 
inetres  (.88  by  1.20  inches),  for  the  pur])ose  of  allowing  an  adjustment  of 
gauge  at  curves,  switches,  etc.  The  bolt  passes  up  through  the  tie  and 
through  a  '-crab"  washer  which  bears  on  the  flange  of  the  rail  and  the 
face  of  the  tie;  a  Verona  nutdock  is  then  put  on  and  the  nut  screwed 
down  upon  it.  The  upper  face  of  the  washer  and  the  lower  face  of  the 
nut  are  indented,  so  as  to  give  a  good  hold  on  the  nut  lock.  The  ties 
are  sent  out  to  the  track  with  the  fasteiungs  separate  in  kegs,  or  with 
the  bolts  in  place  and  the  nuts  loosely  screwed  on,  according  to  the 
wishes  of  the  division  engineers ;  some  of  whom  prefer  one  i)lan  and 
some  the  other. 

This  tie  presents  the  following  advantages  : 

First.  Economy  in  material ;  owing  to  the  maximum  thickness  being 
given  at  the  rail  seat  and  a  less  thickness  at  the  nnddle  and  ends,  this 
effects  a  decided  saving  in  weight  and  first  cost. 

Second.  Economy  in  manufacture;  owing  to  the  shaping,  bending, 
and  varying  of  the  section  being  all  done  in  the  operation  of  rolling, 
thus  reducing  the  shop-work  to  a  nduimum;  which  is  an  important  con- 
sideration. 

Third.  Economy  in  maintenance ;  owing  to  the  little  care  and  atten- 
tion required,  as  shown  by  years  of  actual  service. 

Fourth.  Efficiency  in  making  a  good  track;  as  also  proved  by  years 
of  actual  service. 

Fifth.  Adjustment;  owing  to  the  arrangement  of  the  fastenings  per- 
mitting the  gauge  to  be  widened  at  curves  and  narrowed  at  switches  ; 
which  is  an  important  feature  when  a  tie  is  adopted  on  a  considerable 

length  of  track. 

E.  E.  K.  T. 
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1  I'lH  HiliX        /". 


^i<rff«M,  rivt*t4*«l  tu^ftlier  at  the  iiiiddlc*  llaiigis  tint  It  ia  now  to  In- 
..    .     |.  •  . .-.     'I '        '  art?  iiH  r  "  ■     ■     *'     ^  '  '  t  ;   u;-iiii.  i*' 

.       ..  .|r»-p;  u-  liiL'l«-  tliiik. 

iH'HH,  Iroiii  . ,,  iiirli  aiilir  lowtTparlof  il 

•  111*.  Tlni  iiiidilli*  tlaii^i*  irt  rut  awa>  ...  i "..,-..' ^  .-.  ....  i...^  i  ..^ 
raMciiiii^.H  roii.Hist  of  Hat  wnnij;lit  inm  fli|iii,  one  uii  carli  hiil««  of  llir  rail, 
which  an*  b«)Ui-<l   lu  the   lhiii;;i*  of  i:  I  havr  j 

lM«ar  upon  th«^  rail  tlaii;;!*.     Some  of  i.  have  Ui 

tliau  twoyearsoii  the  Ihistou  and  Ma:  ulaiidtheM 

Iwaihoad  ;  the  I^iii;;  iHlaiid  Ivaihoad  \ 

The  llurt/ord  fiV.— Thiri  in  a  rolleil  . 

tiou,  with  a  channel  or  j^wive  alou{;  the  whole  length  of  the  top  tablr, 
iihI  havin;:  tlie  eutl.s  enrv»'<l  down  to  hoM  T" 

are  a.s  follows:   I^'Mj^th,  7  fe«*t  C*  iiiehe?*;   v  i 

at  bottom,  lOJ  IncheK;  depth,  2^  inuhen;  thickne&ti,  2  incli  and 

,',.  inrhattop;  the  ehanui*!  or  ;;uMJvr  ; 

The  \veij;hl  is  alnMit  !-<»  |miuiuIs.     Tic  ■'<■ 

two  ehimpH  ginch  thiek,  with  a  hooked  projection  ui  the  bra;id  end, 
which  hohls  the  Man«:o  of  the  rail;  tlieHO  chinipH  are  wed;re»*lm|>e«|  id 
plan, and  lie  in  llierhainiel  alKive  iiieniiontHl.  A  IxMit  bolt,  with  itj»  head 
at  an  an;;le  of  5:J  dej^ree^  with  the  body,  is  usi-d  on  eiwh  side  of  tli*  i 
the  head  in  on  the  under  Hide  of  the  tie  and  the  Inxly  piyiA4*s  up  thnu:^.; 
the  tir  ami  damp,  the  nut  InMrin;:  on  the  inelininl  face  of  the  chim|i. 
Thin  is  the  I'aHlenin;:  as  improved  by    Mr.  Kalte,  the  ehiet  ! 

the  New  York  Central  and  IludHon  Kiver  Uailroad.     By   t 
nieiit,  the  Uilt  beiiijj  at  an  angle,  a  Htroiig  Ifrip  in  Becunnl,  and  Iherv  b 
little  tendency  to  jar  the  bolls  hwse ;  lt»  pn*vent   »uch  li>*' 
ever,  the  bt»lt  has  the  Harvey  grip  lhrea«l,  which  ft»ruiH  a  ; 
Hidf.    The  fastening  iH*rinit8of  a  verj*  wide  rangeof  luyustment  of  gaa] 
These  ties  have  not  yrt  1'  1.  biii  the  New  V-    "    '" 

8on  Kiver  KailDKid  will  1  I.  hriii  in  April,  an 

will  lie  made  iim  to  the  result- 

The  Stiinihini  fiV.— This  is  a  >iri  l  l\v  "i  riiaiiii.  i  '.iMtifn   i_j.  m.i 
to  hhape  from  a  plate.     The  Uiiiom  is  cut  away  at  the  mnldle,  a 
bent  up  at  an  angle  to  offer  n-sistaiRv  to  lateral  motion,  the  entU  1 
oi»en.     The  rail  thn-s  not  rest  U|>on  the  vertical  »ides  of  the  tie,  \%i..v.. 
are  cut  away  for  a  ilepih  of  I hre**  fourths  of  an  nich  under  the  mil,  but 
n»i»  uiKUi  a  block  of  piv.MTViMl  wihmI  (placetl  with  the  gmin 

The  tie  is  intcmletl  to  U'  tilled  with  ballast.     The  faMteuings  i 

Zsha|HHl  clii»s,  tliu  upi>er  part  holding  the  rail  tiaiigc  and  the  lower 
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])nit  tiikiiiii"  ii  l)0;uiii^"  on  tlio.  uiidor  side  of  tlic  bottom  of  tlu^  tic  ;  tlio 
iijuiulit  Wi'l)  is  nearly  V('iti('jU,  but  ciirNcd  so  as  to  ^rij>  1  lie  wood  block. 
A  bdlt  passes  horizontally  tliroiij^li  the  two  clips  and  the  block,  near 
the  top  of  the  latter,  lioldini^-  all  tin'  i)arts  lirndy  together.  At  the  rail- 
joints  it  is  intiMided  to  nse  a  t  i(M)|'  (>xli'a  w  idl  li,  wilh  w  ide  clips  and  t  wo 
bolls,  and  it  is  chiiined  that  this  fastcninj^- will  be  sullicient  in  itsclC, 
ami  will  ob\iat(^  tlu^  luvessity  ol'  usin*;"  s])lice  ])lates.  Th«\se  ties  havo 
not  yet  bcuMi  in  ser\ice,  bnt  arranii'eincnts  hav(^  been  made  for  thcii- 
mann  fact  are,  and  it  is  said  that  thoy  will  soon  be  tried  on  a  ^Vestern 
road.  Till*  claim  is  made  that  they  are  specially  adai)te(l  for  roads 
with  a  narrow  width  of  ballast,  owin^-  t(*  theresistaii(;e  to  lateral  move- 
ment beinii'  at  the  middle  instead  of  the  ends  of  the  tie. 

'llic  Titjilor  tie. — This  is  an  iron  or  steel  tie  on  the ''bowl"  system, 
each  tie  consist in.i;'  of  a  separate  piece  under  each  I'ail,  connec^ted  by  a 
third  piece  tbrmin*^'  a  tie-bar.  The  raibbearers  are  short  i)i(^3es  of  in- 
verted trough  section,  placed  h)ngitudinally  with  the  rail,  and  have  a 
vertical  transverse  slot  through  which  the  deep  ilat  tie-l^ar  passes. 
The  inside  llange  of  the  rail  is  held  by  clips,  forming  a  part  of  the  top 
table  of  the  trough,  and  the  outside  flange  is  held  by  a  hooked  prqjec- 
t  ion  at  the  end  of  the  tie-bar.     No  bolts  or  other  loose  parts  are  used. 

The  Tonccii  lie. — This  is  a  cast-iron  "  pot"  tie  designed  by  J\Ir.  Toucey, 
general  superintendent  of  the  New  York  Central  and  Hudson  Kiver 
liailroad.  Each  tie  consists  of  two  ^'  pots,"  of  H -section,  with  outward 
llaring  sides;  the  "pots"  are  connected  by  a  tie-rod,  the  ends  of  which 
an^  bent  at  right  angles  to  fit  into  a  hole  in  the  horizontal  web,  the  rod 
])nssing  through  a  hole  in  the  side.  The  "  pots  "  are  IS  inches  long,  9| 
inches  wide  on  top,  IGJ  inches  wide  at  bottom,  and  81%  inches  deep; 
the  thickness  varies  from  one-half  inch  to  1  inch.  The  space  above  the 
web  is  filled  with  an  oak  block,  to  which  the  rail  is  secured  by  the  Bush 
int(;rlocking  bolts.  These  ties  are  in  use  at  the  Grand  Central  Depot 
in  Xew  York  City. 

A  chdund  ih. — A  channel  tie  was  used  by  the  Pennsylvarna  Rail- 
road for  some  years  subsequent  to  1880.  In  that  year  soine  were  laid 
on  tlK^  iMlbert  Street  extension,  and  in  1885  about  400  or  500  were  laid 
on  th(^  main  track  in  the  West  Philadelphia  yard.  The  tie  consisted  of 
an  ordinary  7-inch  channel  iron  (i  1)  8  feet  0  inches  long;  tlie  ends 
were  closed  by  a  piece  of  angle-iron  riveted  on,  and  a  cross  piece  of 
.'ingle-ii'on  was  also  riveted  inside  the  channel,  just  under  the  outer 
flange  of  the  rail.  The  fastenings  for  each  rail  consisted  of  a  piece 
of  angle-bar  riveted  to  tlie  face  of  the  tie  (the  rivets  passing  through 
the  angle-bar,  tie,  and  inside  angle-iron)  on  the  outside  of  the  rail,  and 
a  loose  flat  clip  on  the  inside  of  the  rail,  fastened  by  bolts.  Writing  in 
ISSO,  ;Mr.  ]>rown,  the  chief  engineer  of  the  Pennsylvania  Railroad,  said  : 

ThoHo  tios  cost  from  .s3  to  $4  each.  As  lonj^j  as  wo  can  got  good  oak  tins  for  not  cx- 
coodiiig  ftl  each.  T  wonhl  not  rooonimond  malcing  tlio  cliango,  althongh  tlioy  givo 
porfect  Hatisfaftion  and  arc  no  more  troul)I(?  to  kiM^p  in  lin(>  and  surfac^^  tlian  wooden 
ti(>.s  K.   K.  U.  T. 
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THK  DrttAjcD  Tm. 

TbU  tie,  amonK  the  latoul  |iat«-iit«Hl  in  tliiit  coontr)',  hM  been  in  1 1-. 
on  u  privat*'  trial  line  in  tliw  Krcncli  AlfMi. 

It  r»Mui»»UH  mcwit  nwirly  the  ♦•  rout'*  tie. 

It  in  pHHiuctHl  by  ciinvtTlinfr  ol.l  raiU  into  m«»ial  n\ 
tin*  ti«»  in  HtaniiNMl  ont  by  i*|M-cial  machinery,  n«|UiMii;: 
work  than  the  faMtenlnjjof  the  IhjIIm,  which  iirewehletl  to  the  lie  while  hoi. 

The  croiiH  m-clion  ii»  of  the  *•  Vanthefin''  or  •*Zorei*''  lyiM,  lik.-  il.. 
•*  I'oHl"  tie,  narroweil,  and  depreiURMl  in  the  center  ami  »lij:hlly  cur\  .^i 
towariU  the  emU,  nii  well  nn  to  the  middle  of  Uie  tie,     I^ugthwuie  cor- 
nipitiouH  on  thr  face  of  the  tie  n  '.  and  if  d.^  i      *  '    - 

eiiH;irv,  vi-rtical  conntialionH  on  I  inli-nde«l  t" 

ditional  Htrenj;th,  allowing  a  Having  of  metal  an  againut  the  **  Tout "  tie, 
Tlie  wi.lih  on  t4)|»  nnder  the  rail  foot  ih  10  inche«  and  acro«  the  lower 
edjjeH  1-  inrhci*. 

The  enilg  arc  o|>on  bnt  can  be  cIojmhI  if  denire<l  by  a  H|.ecial  rap,  which 
is  put  on  after  the  tie  in  placed  and  ran  Ih^  eiinily  n^nioveil  If  necfxHarr, 
|HTMiittinKacce»^H  to  the  h»\ver  side,  Im.Iin  etc.,  wiihont  removing  the  lie 
entirely.  Kx|MTience,  however,  with  the  o|mmi  end  ty|K»  m-^mo**  t«»  hive 
proved  th;'t  the  cnrvatnre  of  the  ends  is  nnflicient  to  pr.v,...t  iL-  M..w. 
in;;  out  of  ballast. 

The  fa«tening  of  the  rails  is  eflcn-tetl  by  means  of  four  U»U.- 
cially  ntled  T  beads,  which  are  inserte*!  and  partially  wcUUM  • 

from  U'low  durin;:  its  nianufaclnre,  an«l  an*  pn»venteil  from  tnming  by 
a  Hhonlder  in  the  tn*.  A  washer  of  soH  metal  is  ho  adapt^nl  an  to  pre- 
vent  any  loi.HiMiin;;  of  nuts  alH»ve.  an  indentation  on  the  lower  snle 
fittin-  into  a  similar  indentation  in  the  tie,  and  one  llange  being  bent 
npwards  afl4«r  wrewiim  down. 

For  cnrve«,  Fwilches,  etc,  the  adaptation  of  ithape,  inclination,  and 
ganpe  is  efTected  in  the  inannfactnre  by  interchangeable  pieceH  in  llM 
Htampiii;:  apparatiiH. 

The  plariii;;  of  the  tie  in  effectetl  by  laying  it  on  the  Iwillant  and  iHiry- 
ing  it  in  the  wimo  by  inean8  of  a  rocking  motion  with  the  help  of  leveiT 
inserted  into  hol.M  made  at  the  endn  of  the  tie  in  mannfaetnniig.  Kl 
dig^'ing  ..f  a  tie  be»l,  no  tamping  is  uee.bNl.  The  drainag.-.  a  very  U 
|Mirtant  reqnlrenient   is  well  providtM  for. 

The  Wright  of  the  tie  is  made  variable  by  either  mlbi.^  .  •■  ...*  ;.ii« 
Hheets  Xo  thriM'  sixt.H-nths  of  an  inch,  which  givei»arK>  |Hmiid  tie,  or  fl%v 
Hixteenthsof  an  inch,  which  will  make  it  aUnit  Hhi  |»onnds. 

The  C.St  isclaime<l  t«»  l>e  ^l  or  ♦l..^'»  resi>ectively,  if  mannf;iclnr«l 
the  tinted  States.     The  cost  of  mannfactnre  is  ralculate«l  at  .'Ml  cent 
allowing  a  railmiwl  coin|iany  to  i\m-  npthe.dd  rails.    The  pl:»  tU 

ing  the  rails  to   Hha|H' and  stamping  th.>  '••    >-  ^inii.l.-:  ifs  .  ti-1 

mat«Hl  at  ♦:.,<M>t>. 

The  nnrand  tie,  with  le<«  metal,  pnmijM  s  ia  g.vo  thr  H,»mr  mmngth 
nnd  is  mort-  '••  -'r   -'  ' '  'i""  '^'•'  '*  »'•"''"  tic— H.  K.  F. 
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Tlic  followin.c:  matt'^r  lias  been  appended  as  of  interest  in  tln^  disens- 
sion  of  the  desirable  elian^e  from  wooden  to  metal  ties. 

Tiieso  notes  originate  in  i)art  with  jMr.  Tratinan,  or  else  are  eoi)ie(| 
from  other  pnblications. 

Tiie  ei)hemeral  literature  on  the  subject  is  growing  rapidly,  and  by 
the  time  Mr.  Tratman's  firiaTreport  will  go  to  press,  it  will  have  become 
desirable,  with  it,  to  present  in  abstract  the  useful  information  which 
has  thus  accumulated.  By  that  time  it  is  hoped  that  more  experiences 
from  trial  tests  on  railroad  lines  of  our  own  country  may  also  be  re- 
corded. 

As  this  Bulletin  goes  to  press,  two  interesting  Items  of  news  on  the 
railroad  tie  question  have  reached  this  office.  The  one  relates  to  the 
remarkable  durability  of  lignum-vita^  cross-ties  on  the  Panama  Kail- 
road — tiiirty-five  years.  That  there  is  any  likelihood,  as  some  papers 
seem  to  anticii)ate,  that  this  discovery  will  in  any  way  iniluence  the 
use  of  metal  ties  by  possible  competition  of  this  wooden  tie,  I  am  in- 
cliiHMl,  for  various  reasons,  to  doubt. 

rerliai)s  of  uiore  influence  on  this  subject  may  become  the  introduc- 
tion of  stone  sleepers  in  combination  with  the  *' Elastic  Tie-Plate," 
wliit'li  was  originally  intended  to  improve  the  track  on  wooden  ties,  but 
has  proved  itself  of  service  on  rock  sleepers  in  an  experiment  made  by 
the  Ystad-Eslof  Bailway  in  Sweden.  Yet  we  are  inclined  to  think  that 
even  this  kind  of  substructure,  if  found  as  efficient  as  is  claimed,  would 
not  threaten  as  much  competition  with  the  metal  track  as  it  might  at 
lirst  ai)pear  to  do,  except  under  special  conditions. 

Tiie  theoretical  requisites  for  a  perfect  metal  tie  are  now  quite  well 
understood  and  have  been  discussed  at  length  in  Bulletin  I,  from  this 
Division.  The  task  of  inventors  henceforth  must  be,  while  com[)lying 
with  these  theoretical  requisites,  to  do  it  in  such  a  manner  as  to  reduce 
the  cost  of  the  manufacture  to  its  lowest  possible  figure  without  loss  of 
nupdred  strength.  AVith  the  extendeg  experience  before  us  there  can 
not  longer  be  a  doubt  that  it  is  jiossible  to  construct  a  metal  tie  which  will 
be  su])erior  in  all  respects  to  wooden  ties;  yet  to  bring  its  first  cost  down 
to  such  a  figure  that  the  future  saving  in  its  maintenance  need  not  en- 
ter into  consideration,  but  may  be  taken  as  an  agreeable  surprise  in 
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:i  th«*  tiMe  (if  mil:  On  tlio  otiior  hntul.  tlif*  l>iiu'tM»ar  t*f  rbea|i 
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orilcr  to  attain  rlH*apnc*K*(. 

*'  If  a  mail  •  ' 

aiul  T.'i  ccIlt^  1   . 
iiUMt  iiHc  Ht(H*l  tio.H  with  cnonjsh  meUl  In  them  to  Inimre  fiemuineiK 

Thrn-  !  ' -v   - 

t  comlit  1 

.••cially  the  cromlition  of  trark  and  liallAKt,  will  dictate cbaof^e*  in  fiha|ie, 

A4'i^ht,i*t<*. 

It  li;ul  Ik»«mi  tlio  intcni  -  view  all  the  patent*  whirh  had  con- 

«TniMl  theni«eh*e»  with  inirodunnjr  metal  for  railway  trark*.  Iml  the 
l;ir;;o  iiuiiiIht — not  Icms  than  2.VJ  patents  w»  far,  v««ry  many  of  which 
aw  obviously  impr.icticalilf — iiiailo  the  task  l«»o  laliorion*  for  the  prnr- 
tical  rcHnlt  to  Iw  cxpeete*!  fmm  it.  TluTpfore.  only  a  brief  referenc© 
Mst  to  these  patent.H  has  lieen  pn'paretl  by  Mr.  Tnitinan. 

The  first  hiiu;:fhf  ion  for  the  use  of  metal  trnek  «e<»m«  to  date  Inirk  to 

the  year  18:$ft;  a  patent  by  .1.  Stimpw>n,  proiH>»iiijr  a  «*ot  i  of 

■  '  •  i!  ami  woo<l  eoinbine<l,  nimihir  to  a  roii^tnirtion  now  m  -i  in 

t  niilways.     The  next  attemptn  did  not  follow  until  1857,  ia5«, 

iimI  isr.i. 

The  iUhmI  ..1  patcntn  l>efrint  with  the  year  l.S«3,  the  last  five  year*  bar- 
inj:  pHwlured  not  les-s  than  one  hundred  and  Kixty  device*. 

S4»meof  tlnMiion^  pniminent  •b'Vi.«<.  w)  '\  mann- 

LK'tureil  ii>  tiir  I'liiitMl  Stall, *<,  air  briflly  •  .  .  v  l». 

H.  K.  Fkb!«ow. 
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MAINTENANCE-EXPENSES     OF     TRACK      ON      WOODEN 
AND   METAL  TIES. 

]\y  .).  \V.  I'osr.  i»iriii;iiHMi(  \\  ay  cii;;!!!!',!-,  Xct  hci  lands  Slate  i:ailnia<l  ( 'oinpaiiN  . 

I,\a<i  (it  ili<(i)niiii:l  xoxrt  nlion  of  Uic  A  inoicnii  Soricli/  of  CiriJ   Evfi'iuctys^  .fitli/2,  IKSH. 

'IMioiiuIi  till'  track  of  rjiin)i)Ojiii  railroads  sliows  in  material,  construc- 
tion, and  maintenance  a  ^reat  diiVerence  from  the  *Tack  on  American 
liiKv^,  the  follow  iiii;- (lafji  concorning:  the  nse  of  steel  cross-ties,  j^atliered 
methodically  since  ]S(5.")  on  the  lines  worked  in  Ilolhind,  r)el^inm,  and 
(iermany  by  thc^  Netherlands  State  Uailroad  Company,  may  be  of  some 
interest  to  American  railroad  engineers. 

The  tirst  trial  of  nu'tal  ties  on  the  Netlnniands  State  Tvailroad  dates 
tVom  ISO.j,  in  whicli  year  10,()()()  Cosijns  ties*  were  laid.  In  1S8()  thes(^ 
ties,  of  a  system  now  considered  poor,  had  given  satisfactory  results  as 
to  the  metal  ])art  during  their  fifteen  years  of  service,  but  the  oak 
blocks  had  to  be  friMiuently  renewed.  IMoreover,  the  following  consid- 
ei-ations  induced  the  company  to  search  for  a  good  metal  tie: 

First.  It  was  feared  that  prices  of  timber  would  gradually  rise,  owing 
to  the  increasing  devastation  of  forests. 

Scc())(d.  l]ven  with  the  wood  deemed  best  for  ties,  viz.  oak,  it  was 
ditlicult  to  secure  satisfactory  results ;  some  lots  of  oak  ties,  severely  in- 
spected, appeared  first-rate  when  new,  but  had  to  be  renewed  after  only 
one  year  of  service.  The  time  of  felling  seems  to  be  of  great  importance, 
and  cannot  be  determined  at  the  moment  of  purchase  even  by  the  sever- 
est inspection. 

Third.  Even  the  best  methods  of  impregnating  proved  unreliable; 
of  ties  coming  from  the  same  boiler  some  were  quite  saturated,  others 
oidy  on  the  surface;  some  lasted  one  year  only,  others  twenty  years. 
Uniformity  in  this  respect  is  desirable  for  the  track. 

Fourth.  No  timber  merchant  guarantees  Jiis  ties;  whereas  steel  ties 
are  generally  guaranteed  for  two  years. 

Fifth.  There  is  a  great  loss  of  interest  during  the  time  timber  ties 
are  i)ile(l  in  order  to  dry;  whereas  metal  ties  are  often  in  the  track  before 
being  paid  for. 

Sixth.  There  is  a  great  loss  of  timber  ties  by  bursting,  caused  by 
sunshine,  water,  frost,  driving  the  spikes,  etc. 

Scrrnfh.  Timber  ties  being  heavier  than  metal  ties,  the  transport  to 
the  i)lace  where  they  are  put  in  the  track  is  more  expensive. 

Fif/hth.  The  difliculty  and  cost  of  the  respiking  ami  readzing  of  tim- 
ber ties,  and  of  the  replacing  by  new  ones,  increases  with  the  daily 
Tuimber  of  trains.  Ties  of  more  durable  material  are  desirable  also  from 
tliat  ])oint  of  view. 


*This  tic  consisted  of  an  J  beam  laid  lioiizoutally,  thus  H,  with  a  woDdon  l>lock 
under  oncli  rail. 
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hiyiii};,  iiiaiiitaiiiiiit;,  ami  rtMH'Wiiij;  tnickn  ou  timlxT  ami  uti  metal  tie* 
pive  a  fa\onil»li'  rfniilt  for  the  metal,  t 

All  tlieiM*  coiiHiileratiotiN  iiMliicetl  the  t 

ill  ISSO  to  Mtmly,  Uitli  at  hoiiio  ami  abi ....    ..... 

metal  tien  then  in  um%  l>oth  from  the  fKiini  of  vii*w  of 

of  maiiitfiiaiire,  ami  to  I  ;iiftliiHl 

to  yn'l  the  iiiuhI  eoiiipleti   lUoii  \hmu 

This  charp' re-Hiilte«l  in   the  followinfr  iliffereii' 
fiiMtenin^H  bein;;  laid  in  the  tnick  from  1&80  to  14i>6: 
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Tyi»o  I,  Vaiiil; 
T>|»o  II.  Vaiit 
T>|H'  III.  II  .u 
TyjM'  IV.  Ila.i 
T>|»«'  V,  Ilaar! 
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anil  enrveM,  were  pnt  nnder  Kpeeial  «»;..,.. *. 

iiaiiee  work  ami  every  reiiewwl  piece  lH»injj  fienipnlonMly  iioie«l.     A«  a 
luHi"  of  (•omi>aris<ni  1J*J<»  lii-st  nif4»  m-w  oak  i 
til*'  rails  iH'iii;;  f;iKt(  netl  with  tin-  «iMlin.ii\  >«. 
ililTenMit  ty|H*H  of  tie«  uimhI. 

At  tin*  name  time  fliflferent  ,sy4»U*iJ».s  ol  ^a.^u•iii»^.^  ucn-   lru*l  uii  tlio 
metal  lien. 

By  trying;  the  l>est  improvementH  in  Mhaito,  material,  ami  mnnnfaelnrp, 
ami  l»y  elimiiialiii^' eviry  year  the    fatiltn  of    '  **r 

INwt  ^jrailnally  arrivetl  at   ly|M\H  of  tieM  ami   ' 
mIiow.:  jrreat  advantage  in  every  re«i>ect  over  the  i 
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Xvix'"^  ^  i,  «  II,  \  >>>•  >iiiM  I  .\  .ii>'  111  iniiu  9T' 
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TheendK  are  clo«e<l  and  project  downwanl  2  inehe«i  into  th»»  liai: 
l*ln«  testM  pn'.H<TilH'<l  for  in«|>rrtinii  are  wry  8ever»\     TUv  author  vx* 
iilftl  a  HcricH  of  IcMt.s  to  OMtiTtain  whether  annealing  the  tii**  aOer 
;>iinrhing  the  hole.H  doei*  pay  or  not ;  hi8  «•  i  w;im.  that  v 

trrl   annealif'   •-   "•♦    • ^^  .rv    i.,.f    i-  ...    .»•  if  it  cj»f»  ^' 

-inal>  e\peM>' 

The  ties  an*  t.initl  il   iWt*v    liavt*  to  leniain  a   ! 
traek.     Thepii'-.-   n..  In.lni  '  t  u.i  \  .•  .r^  i»r  mianmt  > 

T'*-M»  |MT  ton. 

TIm'  faslrniii;;^  />ij4)U  liu*  toU*>u  iii^'  in 
tlneetl  and  tried  by  Mr.  Post,  The  surfa^- 
(imhI  to  facilitate  the  fprtp  of.Uio  Verona  nut-lock.  The  clipa,  ii 
inild  steel  annealed),  get  tliive  filh'ts  for  the  Hiinie  n*iM»«»n ;  if 
in>n  or  nnld  strrl}^  they  are  indented  like  the  nuts.  In  lK»th  • 
«lip  has  a  large  contact  with  Uie  surface  of  the  tie  in  onler  to  redaee 
the  wear.  For  the  winic  reason  the  head  of  the  Iwit  (iron  or  soft  man- 
;,':inesc  st<H'I)  is  large.  The  Im)Ii  ninst  not  l>e  le.^is  than  ^  nieh  diameter, 
riie  collar  of  the  Udt,  which  is  eccentric  to  enable  wideidng  of  g.i  .:- 
•  Ml  rnrves  by  turning  the  bolt  l.HO  degrees,  tits  tight  into  the  tie  holt  ; 
;liis  holo  iH^mg  rounded  in  the  corners  to  avoid  cnickR,  the  Udt  collar  in 
nuindiMl  accordingly.   The  Verona  nut  locks areof  the  very  Im>' 
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iiicd.  'V\w  piicc  ol'  these  iiiipiox cd  rasU'iiiiij^s  does  iiol  exceed  L*l  cents 
])er  t.ie. 

'l\\v  statistical  I'csults  as  to  cost  of  inaiiileiiance  gathered  todaimary 
1,  ISSS,  on  tweiitvt'oiir  trial  len<;ths,  are  shown  in  tht;  ac.coini)an,vin<;- 
table,  (..'ohinnis  1  to  H  i;ive  the  ])articnlars  of  sections,  condition  ol 
layinii',  tyi)es,  etc.,  anil  cohinins  1.")  tol-*-  the  expense  of  niaiiitciiaiicc  per 
day  and  per  kilometre  in  Irancs. 

The  statistical  data  «;athered  to  January  1,  1SS7,  and  the  (doso  and 
scrni)nl()us  ohser\at ions  of  the  trial  divisions,  allowed  the  company  to 
rej)()rt  se\enteen   conclusions   to   the  Milan  Kailroad  0()n<;-ress  in  1^S7. 

'IMie  service  from  January  1,1887,  to  January  1,  1888,  lia\  ini;  Inlly 
conlirmed  the  o[)inions  of  the  comi)any  on  these  seventeen  [)oints,  the 
lollowinu-  conclusions  are  still  ai)plicable  to  the  statistical  data  <(athered 
to  January  1,  1888,  as  contained iu  the  accompanying  table: 

(1)  Trials  11  and  11  are  on  curves  of  350  metres  radius  and  1(>  milli. 
metres  per  metre  grade.  Oak  ties  occupying  this  place  previously  had 
to  be  respiked  every  year,  causing  great  cost  of  maiuteuauce;  the  rail 
tlange  cut  the  spikes  3  to  t  millimetres,  thus  giving  every  year  a  gauge 
widening  of  G  to  8  millimetres.  Several  ties  of  type  III,  on  the  con- 
tiary,  taken  from  the  track  for  inspection  after  1,053  days  of  service, 
showed  only  a  widening  of  2  millimetres,  the  exterior  bolts  (of  the  old 
type  "A")  being  Avorn  oidy  1  millimetre  by  the  rail  tlange.  The  tie  sur- 
face only  showed  a  slight  amount  of  corrosion,  and  the  holes  were  not  in 
any  way  enlarged  or  ovalized.  Considering  the  unfavorable  conditions 
under  whit.di  these  ties  were,  these  are  very  good  results ;  in  no  year  did 
the  expense  amount  to  2  francs  per  day  kilometre,  and  the  average  day 
kilometre  is  only  1.30  and  1.40  francs  (columns  18  to*22). 

(2)  Trials  3  and  9  being  on  marshy  ground,  the  result  may  also  be 
considered  as  favorable;  in  no  year  as  niuch  as  2  francs  per  day  kilo- 
metre, and  average  day  kilometre  0.95  franc  and  0.88  franc  (columns  15 
to  22). 

(3)  As  to  consolidation  (about  2,300  days),  the  only  trials  coniparable 
to  the  base  trial  Xo.  1  (oak  ties)  are  trials  2,  3,  4,  and  5.  Though  two 
of  these  four  trials  are  under  unfavorable  conditions,  there  is  no  sensible 
dilference  between  the  average  day  kilometre  of  trials  2,  3,  4,  and  5,  and 
the  day  kilometre  (0.005  franc)  of  trial  1,  a  very  favorable  result  indeed, 
considering  the  following  facts : 

(a)  Type  I  is  now  considered  a  poor  system,  each  of  types  II  to  IX 
biung  great  improvements.  Had  one  of  the  more  perfe(;t  types  been 
used  on  these  trials,  still  better  results  would  have  been  obtained. 

(h)  Kespiking  and  re-adzing  of  the  oak  ties  of  trial  1  had  begun  in 
1880,  and  has  to  be  continued  in  1888  and  following  years,  increasing 
the  cost  of  maintenance  with  the  age  of  the  wood. 

(c)  With  the  trials  on  metal  ties,  on  the  (contrary,  there  is  a  tendency 
shown  of  a  decrease  of  exi)ense  as  the  permanent  way  becomes  set. 
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(d)  On  trial  1  ouly  ten  utik  tien  had  to  (je  reiiUowl  b3'  new  oooi  luiioi* 

1S81;    IIm 

woutl,  Hi 

lieiiM*  (work)  of  trial  1.    Tbe  roiiewal  of  tit^  on  tUe  other  twenty- thrt!^* 

triulM,  on  the  cniitniry,  u  ISHl  (not  one  metal  tie  beiuj;  brv 

ken),  anil  uill  Ih<  ni7  for  n 

(1)  The  day  kilonietn^  of  tnaU  0,  7,  M,  12,  und  17  doe«  not  ei^c^t^tl 
O.S.S  fhine;  thoH4«  of  triuU  1U«  13,  \r>,  IG.  IS,  and  I'J  an*  Mow  U.Gn 
tVanr,  (hoiij^h  thr-ne  «*lfvrn  trtnlN  date  only  from  \SS:\  and  l.HSl. 

(.*>)  The  time  of  obttervation  for  ty|N*ji  VI,  VII 1,  and  1\  (triaU  'JO  to 
24),  huMUuMi  ttM)Mliort  to  fonu  any  definite  idea  of  the  mean  day  k:'   *-: 
etre;  meanwhile  everything  tendH  to  nhow   that  tlifwe  ty|)eii  «dl  . 
even  iK'tler  renultM  than  tv|M»H  I  to  V. 

(<i)  The  average  exiHMiKe  for  laying;  and  maintaininf;  the  twenty  thm* 
triaMeii^thH  1!  to  *JI,  huK  not  U*en  )nt*ater  than  wouhl  have  Ikhmi  (h<c*i 
Hiotml  by  (lie  tiiitUT  ties  laid  on  tht*  mime  phuvH.     Tlie  m 
ex|K*niliture  fni  tin  •.,•  1 1  j.il-,  .ni.iit  fi.tintlu-  tii»ii1»lr  of  hf.i: 
therefore  mi 

The  riosf  oIjmi  \  al.4;ii  ul   i]u-  juimaimnl  w.. 
of  tieM  and  fa.slrniii^iH  Ifd  tin*  eoniimny  to  thr  ' 

(7)  A  part  of  the  road  near  Lie^,  twetity-flve  traiuii  daily,  cur\*e  of 
.VW)  niilliiiH'ln-.s  radius,  10  niillinietreH  iK*r  ni<  '  aft«  r  h.i 

lM'4'n  eareluily  paikcd,  was  left  for  forty  nionii  .y  oCher 

thanocea«ional  nnt  tij^htenin^.  ThiM  Hhow8that  a  ^oott  roud,  with  ^N•  I 
ties,  t»nee  prnpeily  paeke«l«  re<|nire.s  no  mon*  K<*nipnlonH  attention  kiid 
maintenanre  than  om*  laid  witli  timlMT  ties;  on  the  eontrary,  it  w«>ul«l 
have  Imhmi  dan^eroiiK  to  have  left  a  track  }<itiiate«l  hm  thitf  waM,  and  laid 
with  tiinlH'r  tie.H,  for  a  iH'riod  of  thriH>«and  a  half  yearn. 

(H)  The  dia^ninis  of  the  nelfrc^iMterin;;  j:auj:e  measnreMliow  that  the 
^Mii^e  is  iniich  more  rej^ularly  kept  on  metal  tieii  than  on  timber  (even 
new  oak)  tien. 

(U)  The  fMiMition  of  the  mil,  which  often  chan{;e«  on  timber  ttCft,iH  not 
varial)le  with  the  nii-tal  ties. 

(10)  The  lateral  displacement  t)f  the  track  ii«  insifrninrant  with  metal 
tien,  oven  on  cnrvea  of  lihort  nidius,  provulini;  that  the  tie  i«  cIomkI  at 
the  end. 

(11 1  The  breadth  of  the  balla^it  IhmI  may  1h*  made  a  little  smaller  with 
the  narrow- waiHteil  metal  tieo  (tyiiCH  Vll,  VIII,  and  IX)  than  with  ordi 
nary  metal  i)r  tiinlM«r  tien. 

(I'J)  The  H'spikiiiK  And  n*  a«lr.in;:  of  trial  No.  1  necefthitaletl  to  IHSs 
the  repIacinfTof  two  l>enring  plates  and  1,081  spikes  by  new  ones.  Th<- 
renewal  of  fasteninpi  on  the  metal  ties  is  insifniific^Ant,  esi>ecially  with 
the  adopt etl  tN|»e  *»C'." 

(13)  Irou  is  not  rccommcnde<1  for  metal  ties;  mild  steel  is  sa|>criorto 
it  in  every  rvsiH*ct,  viz.  maunfacturO|  inapeelioo,  rigidity,  and  dura, 
bilily. 
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(11)  AUiTiiatiui;-  joints  Ikivc  i;iven  satisfactory  ivsults,  especially  in 
curves  of  short  radius. 

(IT))  Suspended  rail  Joints  have  j^nveii  the  best  results  on  metal  ties, 
I)rovidin^  the  ani^le  s[)lice-bars  be  stroui;'  and  the  distance  between 
joint-ties  small. 

(It))  Types  Vll,  \'1II,  and  IX  fnllill  all  conditions  for  pr()i)ei-ly  im- 
beddin;^-  the  tie  in  the  ballast,  li'  the  packin<j^  is  (U)ne  pi-oi)erly,  and  does 
not  exceed  ]  ■[  feet  from  each  side  of  the  rail,  the  track  can  never  become 
bahmciiiu,  (lirou^li  the  ballast.  \vorkin<;-  towards  the  nuddlo  of  tlie  tie 
and  lea\in^  the  ends  uusui)[)orted,  lor  the  shape  of  the  tie  drives  thc^ 
ballast  towards  the  rail  seats,  both  transversely  and  longitudinally. 
Geiierall\  the  ballast  soon  forms  into  a  compact  cake,  adheriug  to  the 
interior  of  the  tie,  thereby  au^inentin^'  both  the  base  and  the  mass  of 
the  track. 

(17)  The  track  uien,  who  generally  abhor  novelties,  have  soon  learned, 
owini;-  to  ])ractical  instructions,  to  appreciate  the  steel  ties  and  to  make 
an  excellent  track  with  them. 

The  company  closed  these  seventeen  conclusions  by  quoting  at  the 
Milan  Congress  the  following  statement  from  the  annual  report  of  Mr. 
("liarles  llenson,  resident  engineer  of  the  Liegeois  section,  which  will 
be  received  with  great  appreciation  on  account  of  the  distinguished  and 
impartial  manner  in  which  this  engineer  has  organized  the  trials  of 
metal  ties  on  that  section  : 

A  single  track  with  ties,  Type  VIII  or  IX  (latest  form),  having  twenty-live  tiaius 
per  (lay  with  curves,  gradients,  ballast,  etc.,  as  the  Liege-Hasselt  section,  can  be,  af- 
ter four  years  of  consolidation,  maintained  in  proi)er  order  at  the  rate  of  one  hundred 
wt.rking  days  per  year — kilometre.  A  gang  of  four  men,  working  two  linudred  and 
lifty  days  a  year,  of  which  lifty  days  are  given  to  other  work,  are  able  to  maintain  in 
good  eouditinn  S  kilometres  of  permanent  way. 

The  Netherlands  State  Railroad  Comi)any,  having  experienced  the 
great  advantage  of  practical  experiments  made  on  trial  sections  of 
track,  has  continued  experiments  as  follows,  in  order  to  gather  infor- 
mation on  other  i)oints: 

Between  Tilburg  and  Breda,  four  i)arts  of  equal  length  were  laid  in 
1880  on  the  same  track,  to  compare  the  cost  of  maintenance  and  of  re- 
newal between  :  (1)  Ordinary  steel  rails  (33  kilograms  per  meter)  on 
timber  ties.  (2)  Ueavy  steel  rails  (40  kilograms  per  meter)  on  timber 
ties  with  two  Post's  steel,  toothed  bearing-plates  on  every  tie.  (3) 
Ileavy  steel  rails  (10  kilograms)  on  heavy  Post  steel  tics.  (4)  Ordinary 
steel  rails  (33.7  kilograms  per  meter)  on  ordinary  Post  steel  ties. 

The  time  of  observation  is  yet  too  short  for  any  conclusion. 

Between  Tilburg  and  Breda,  four  parts  of  equal  length  are  being  laid 
now  in  the  same  track  to  compare  the  cost  of  maintenance  and  of  re- 
newal between:  (1)  Ordinary  steel  rails  on  ten  timber  ties  per  9  meters 
of  track.  {2)  Ordinary  steel  rails  on  eleven  timber  ties  per  9  meters  of 
track.     (3)  Ordinary  steel  rails  on  twelve  timber  ties  per  9  meters  of 
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lni4!k.     (4)  i)nliiiar>  M«5ul  nilU  ou  iwulve  tiiulM*r  lie*  iierU  OHstcmof 

trat^k,  witb  ulteniahiiu'  i«'iiitM. 

Ik'twixMi  WiMiiiiu  anil  liflitioutl  tbc  luiiiiv  four  cuiii|ianilive  trial 
leii};llirt  aix*  bciiijj  laid  uii  ten,  vlovfii,  and  twelvi5  I'lml  iil«?el  tie«  |M?r  9 
luftent  of  track. 

Tlio  iiiforiiiati'iii  KathcriHl  Uy  thw*e  iiietlioilical  reiiearcheji  wi!l  lie  of 
;;rfat  valuts  iit>t  uiily  fur  tlio  NetlierlainU  Suto  Itailroad  but  fur  mil 
roa.liii;:  s  ;  lli«»  '  •  iiiugn  being  H  fv 

iludioii  iM  tisi-^  . 


nt-n. 


t^m^ 


f 


33 

Coat  of  iiiaiittciitture  on  trial  tracks  with  iroodai  and  uuial  ties,  etc. — CoiitimitHl. 


Day  .sin  .sorvici'. 

C'u.st  ol"  iiiaintfiianc*  in  francs  per  kilometer  per  day. 

5 

.2 

Wlini 
l.ii.i. 

11 

ills 

1887. 

1881. 
15 

0.  :.-9 

J.  120 

1.  930 

1882. 

1(> 

0.217 
0.  423 
0.  829 

1883. 

1884. 

1885. 

1880. 

1887. 

P    O         00 

I 
0 

11 

188 1 
1881 
18SI 
188'J 

July    1,  1881 

St'pt!  \','\S<\ 
Jan.     1,  188:j 

....(1.) 

....ilo 

....do 

Oct,     1, 1883 

.-  <lo 

...do 

....do 

Apr.  1,1885 
JuTio  1,  1887 
.111110  1.5,1881 
Sopt.  1,  1881 
Jan.  1,  1885 
Sept.  15, 1885 

...do 

Mar.    1,1884 

....do  

...do 

Juno  1,1880 
Si-pt.    1,  1887 

...  do 

•J.  375 
2,  375 
J.  313 
l.S.'G 
1 ,  820 
1 ,  82G 
1,820 
1.  553 
1,553 
1.553 

1,  553 
1,005 

214 

2.  300 
2.  313 
1,820 
1,  509 
1,509 
1,401 
1,401 
1,401 

579 
122 
122 

11 

305 
305 
305 
305 
305 
305 
305 
305 
3G5 
305 
3G5 
305 
214 
305 
305 
305 
305 
305 
3G5 
305 
3G5 
305 
122 

17 

1.220 

0.  57(i 
1.881 
1.214 

1 .  582 
1.070 
1.G87 

0 
0 
0 
0 

18 

0.  390 
0. 105 
0.  250 
0.  489 
0.  277 
0.  533 
0.  801 
1.084 
0.891 
1.047 
1. 132 

10 

0.493 
l.OSO 
0.901 
0.  G38 
1.100 
1.2.5;) 

0.  95:{ 

1.  974 
0.405 
1.792 
1.111 
0.  030 

20 

1.  101 
0.  5.'iK 
0.  38:{ 
1.112 
0.491 
0.  118 

0.  278 

1.  187 
0.  204 
0.  867 
0.  498 
0.078 

21 

0.  42;! 

0.  842 

1.  i;!5 
0.  552 
0.  57;t 
0.  040 
0.  025 
1.0GU 
0.740 
1.010 
1.00(1 
0.  98;i 

0 
0.297 
0.  227 
0.  595 
0.  58;i 
0.  429 
0.  802 
0.  651 
0.  492 
0.252 
0 
0 

22 

0.  605 
0.  050 
0.  9.52 
0.801 

0.817 
0.  725 

S      1S8J 
"  'J      1  i<S2 

11      1883 

1  389 

11      1S85 
U      1885 
17      l^^SU 

;; ;;;; 



; 

0.587 
1.;i02 
0  879 

■-']      1885 

0  495 

-'2      1887 

0 

I      18S1 
:.     1881 
10      1882 

0.  GG35 
1.584 

0.595 
1.  027 

0.G14 

0.790 

1.077 

0 

0 

o.ios 

0.  320 
0.475 
0.  433 
0.246 
0.311 
0.  200 
0.  551 

0.  150 
0.  536 
0.  329 
0.438 
0.412 
0. 143 
0.372 
0.897 

0.418 
0.  5(;9 
0.  503 
0.  870 
0.  258 
0.  320 
0.  553 
0.  277 
0.144 

0.407 
0.  032 
0  590 

13      1883 

0  513 

15      1883 

0.  313 

16      1883 

18  1884 

19  1884 

-.. . 

0.421 
0.471 
0  554 

20  1885-'8G 



212 

23      1887 

u 

24     1 887 

122 

0 

*  Marshy  ground. 
Ki;m.\uks. — Tluvsc  (rial-lengths  are  on  single-track  road.  Fir.st  group,  25  to  29  train.s  per  day;  vSfc- 
ond  group,  14  trains  per  day.  Kails,  38  kilograms  pernieter  ;  steel  angle  splice  bars.  IJallast — gravol, 
sand,  and  cinder.  lleavies"^t  engine  on  tlu^so  lines,  50  tons,  Avith  13J  tons  on  the  heaviest  axlo  ;  heaviest 
engine  on  other  lines,  08  tons,  with  13.9  tons  on  the  heaviest  axk>.  Speed  np  to  50  niih;s  ])er  hour  (on 
sorae  parts  60  miles  per  hour).  A  day's  maintenance  per  man  costs  2.19  francs  ;  the  resnlts  of  columns 
15  to  22  niav  be  transformed  into  days  by  dividing  by  2.19.  The  figures  in  colnuins  15  to  22  give  the 
expiMise  for  work  of  maintenance,  liot  tlio  expense  for  purcliase  of  new  spikes,  bolts,  etc.  Not  one 
of  the  metal  ties  in  tills  table,  nor  of  tiie  124,000  steel  ties  in  use  on  other  lines  of  the  Netherlands 
State  Railroad  Comiiany,  ha.s  broken  in  the  track. 

DISCUSSION. 


E.  E.  liussell  Trutinan,  Jim.  Am.  Soc.  C.  E. — Having  received  from  Mr.  J.  W.  Post, 
011I3'  a  fewdayH  before  tLo  convention,  the  paper  on  ''Maintenance  Expenses  of  Track 
with  Steel  and  "Wooden  Ties  on  the  Netherlauds  State  Railroad,"  which  I  have  trans- 
mitted to  the  society  by  reqnest  of  Mr.  Post,  1  had  not  time  to  give  as  much  attention 
as  I  would  like  to  have  done  to  this  discussion. 

The  subject  of  metal  railroad  ties  is  one  in  wliich  I  take  very  much  iutorost.  and 
for  some  time  past  I  liave  been  engaged  in  making  extensive  investigations  and  col- 
lecting information  with  regard  to  practice  and  experience  in  foreign  countries.  In 
making  my  investigations  I  have  been  surprised  at  tlic  great  extent  to  which  metal 
lit'.s  have  been  actually  adopt(^d  for  service,  for  while  I  knew^  that  expeiiments  had 
\u-vn  made  in  many  countries,  in  some  ca.ses  on  a  quite  extensive  scale,  I  had  no  idea 
that,  as  a  result  of  some  of  these  experiments,  many  railroads  had  practically  adopted 
these  ties  for  regular  use;  this, however,  I  found  to  be  the  case,  and  several  Euroix'an 
railroad  companies  are  now  gradually  substituting  metal  for  wooden  ties  on  their 
systems.  I  think  few  engineers  who  have  not  paid  especial  attention  to  this  matter 
realize  that  metal  ties  are  in  actual  service,  the  general  impression  seeming  to  be  that 
while  many  experiments  have  been  made  and  are  si  ill  being  continued,  yet  that  no 
l)ractical  results  have  been  obtained.  To  this  lack  of  a[)i)reciation  of  the  results  of 
foreign  experience  may  be  attributed  t  )  a  considerable  degree,  I  think,  the  general 
18689— Bull's '] 
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TIhi  (juostioii  t)f  rail  fastoninijs  is  oll(^  almost,  as  iiiii)<>  riant  as  that  of  (lio  lyiu^  (»f  ti«^, 
.111(1  many  dilli'roiit  plans  have  boon  tried,  somo  simplo,  bnt  tho  majority  vory  coni- 
plicatod.  All  rivoting  cau.sos  au  extra  expense,  bnt  a  very  favorite  i)lan  is  to  have  a 
-'clamp"  or  *'crab"  rivet-Hl  to  the  tie  to  hold  one  side  of  the  rail  llan^i^,  tin-  otlnr 
side  being  hold  by  a  boUml  clamp.  Mr.  Post,  realizing  that  all  extra  shop- .vork  is 
necessarily  exiuMisive,  has  adopted  bolts  oxclnsively,  with  entirely  satisfactory  n-- 
sults.  It  will  bo  noted  that  the  lirst  typo  of  metal  tie  experimented  with  had  wooden 
blocks  for  tho  rails  to  rest  npon,  the  idea  being  that  the  rail  reqnired  an  ehistic  scat. 
This  seriously  impaired  the  general  elliciency  of  the  tie,  for  the  wood  rotted  and  gavo 
constant  tronblc,  so  that  this  form  of  tie  was  soon  abandoned.  It  has  been  conclu- 
sively proved  by  experience  with  varions  types  of  ties  in  ditferent  countries  that 
such  a  wood-bearing  is  not  only  nnnecessary,  but  a  positive  disadvantage,  and  that 
the  track  is  satisfactory  to  railroad  men  and  travelers  when  tho  rail  is  fastciuul  di- 
rectly on  the  metal  tie,  and  therefore  no  wood  should  bo  used  at  all,  bnt  a  metal  track 
should  be  entirely  of  metal.  Tho  introduction  of  metal  tics  has  beeu  hampered  by 
tho  attempt  to  secure  a  "  cheap  "  tie.  The  objects  in  using  metal  are  to  obtain  econ- 
omy in  maintenance  and  elBcicncy  in  operation,  and  neither  of  these  objects  cau  bo 
obtained  by  using  a  tie  which  is  "  cheap."  Every  desirable  feature  can  not  be  com- 
bined in  one  piece  of  steel,  and  if  the  tie  is  to  make  the  track  safer,  reduce  tho  main- 
tenance expenses',  keep  the  road  in  better  condition,  and  far  outlast  the  w^oodon  tie, 
it  must  have  sutTicient metal  to  insure  these  advantag(^s.  You  need  to  have,  and  to 
pay  for,  enough  metal  to  make  an  efficient  tie ;  but  you  need  not  have,  and  need  not 
pay  for,  extra  metal  that  is  mere  dead  weight.  With  ties,  as  with  rails,  the  design 
and  manufacture  arc  equally  as  important  points  as  the  weight,  and  tho  rail  fasten- 
ings no  less  important. 

Two  points  need  to  be  considered  in  designing  or  adopting  a  metal  track,  viz, 
ecouomy  and  simplicity.  Cheapness  is  very  far  from  being  economy,  being  in  fact 
directly  opposed  to  it.  Simplicity  is  necessary,  both  for  economy  and  efficiency,  as 
the  track  which,  while  possessing  ample  strength,  is  tho  most  simple  in  its  construc- 
tion, will  give  the  least  trouble,  and  consequently  involve  the  least  expense  for  main- 
tenance. A  good  metal  track,  once  well  laid,  is  in  itself  a  source  of  economy  in  main- 
tcnanco  and  operation,  and  it  is  to  bo  hoped  that  this  type  of  track  will  soon  be  a 
feature  of  first-class  American  railroads. 

In  nearly  every  large  country  but  America,  and  in  many  of  the  smaller  countries, 
metal  ties- have  been  experimented  with,  and  I  would  strongly  urge  that  more  prac- 
tical attention  should  bo  paid  to  so  important  a  matter  by  American  engineers,  rail- 
road men,  and  steel  manufacturers. 


At  the  International  Congress  of  Railroads,  September  17  to  21,  1887, 
the  following  resolutions  were  the  outcome  of  its  discussions: 

(a)  TIic  opinion  of  tho  Brussels  Congress  that  iron  ties  are  of  equal  value  to 
wooden,  has  not  been  negatived  during  tho  last  two  years;  tho  application  of  iron 
ties  is  rather  on  tho  increase. 

(i!;)  The  question  whether  the  use  of  wood  or  metal  ties  is  cheaper  depends  on  the 
local  conditions  and  the  state  of  the  iron  market. 

(c)  Regarding  cost  of  maintenance  and  renewal,  not  yet  sufficient  data  are  on  hand 
lor  lines  with  large  and  rapid  traffic ;  for  medium  traffic  and  slow  trains  the  iron  ties 
oiler  advantages,  especially  when  after  some  lime  the  track  has  consolidated  and  the 
fastening  has  settled  well. 

{d)  For  tho  "  Vautherin  "  form  the  use  of  a  homogeneous  metal  is  desirable. 
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PATENTS     HELATI  RAILWAY    TRACK 
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No.  12I,;V31;  (l:ito,  Maivli  I'J,  \^-2  ;  \l.  M.  ri.joIin.-LoMi^ihKliiials  midcr  i-adi  rail, 
of  J.  section  with  very  li'^h  vertical  weh.  TIio  v^iil  i«  of  _PL  section  aiul  rents 
upon  the  llanj;os(»f  channel  irons  bolted  to  the  vortical  \vel>  of  the  lon<^itn(linal8. 

No.  1:54,11'^;  date,  December  lU,  1H7*J  ;  James  Calkinn.— The  continuous  lony;itndi- 
.lals  of  channel  sections  have  lni;s  to  hold  the  outer  llan^o  of  rails;  transverse  plates 
project  (»ver  the  inner  llan<j;o  and  arc  bolted  to  the  lon<^itudinals. 

No.  i:U),()67  ;  date,  February  18,  187;} ;  .J.  W.  Kern. — .\  continuous  roa<ll)f(l  of  y\^  s(>c- 
lion.  with  the  rails  laid  on  the  horizontal  llan^es.  Transverse  base  plates  at  inlci- 
vals.     The  bed  to  be  of  i-inch  boiler-iron. 

No.  13L),518;  date,  June  ;},  1873;  W.  Pock  and  II.  C.  liichnian.— Two  chairs  con- 
nected by  a  horizontal  Hat  tie-plate.     Wooden  boariuf^-blocks  in  the  chairs. 

No.  140,411 ;  dale,  July  1,  1873;  C.  W.  Gulick. — A  Hat  wrought-irou  cross-tie  with 
ribs  to  form  a  channel  for  the  ilaugo  of  the  rail.  Fastenings  of  iron  -j"*j  inch  diani- 
cter  under  tie,  passing  up  through  holes  in  the  same,  with  ends  bent  over  rail  flange. 
Ties  about  5  inches  wide  and  |  incli  thick. 

No.  li;),407;  date,  October  7,  1873;  P.  S.  Dcvlan. — A  cross-tie  made  of  tw^o  iron 
l»lates  on  ed^je,  fastened  together  at  the  middle  aiul  widening  out  to  hold  a  wooden 
block  at  each  end. 

No.  144, '207;  date,  November  4,  1873;  George  Kcech. — Longitudinal  plates  under 
each  rail,  with  lugs  to  hohl  outside  of  rail  flange.  Tranverso  tic-plates  x>i'0ject  over 
the  inner  llange  and  are  secured  by  horizontal  bolts  passing  through  lugs  on  the  base 
plate. 

No.  145,991 ;  date,  December  30,  1873 ;  H.  L.  De  Zcng. — Wrought-irou  cross-tio  of 
Y~^,  '\J'  "W")  or  other  section.  A  clip  stamped  out  of  the  metal  holds  outer  flange 
of  rail ;  loose  clip  secured  by  vertical  key  or  cotter  holds  inner  flange.    (See  155,369.) 

No.  14(5,376;  date,  January  13,  1874;  G.  II.  Blaisdell. — A  cast-iron  cross-tie  of  y^  sec- 
tion with  wide,  flat,  deep  ends,  having  sockets  for  w^ooden  blocks.  A  bolt  passes 
through  both  blocks  and  the  whole  length  of  the  tie. 

No.  147,50:5;  date,  February  17,  1874;  P.  Kendrick  and  J.  Stokes. — A  cross-tie  made 
of  two  old  rails  laid  parallel,  with  a  wooden  block  between  them  at  each  end,  and 
base  plates  if  desired. 

Xo.  148,24'2;  date,  March  3,  1874;  George  Potts. — Continuous  bearing  of  wood  held 
between  two  continuous  iron  stringers  of  _L  section,  the  top  of  the  web  being  bent 
over  to  hold  the  rail  flange.     Bolts  pass  through  the  three  pieces. 

No.  155,369 ;  date,  Septenjber  29,  1874 ;  II.  L.  Do  Zeng. — A  cross-tie  of  inverted 
trough  section,  with  open  ends,  but  with  projecting  wings  at  ends  to  prevent  lateral 
displacement.     See  No.  334,696. 

No.  103,187  ;  date,  May  11,  1875;  S.  II.  Hamilton. — An  iron  or  steel  cross-tie  of  square 
liollow  section  throughout,  or  only  at  ends.  Fixed  lugs  hold  the  inner  flange  of  rail, 
and  bolted  plates  hold  the  outer  flange. 

No.  103,254;  date.  May  11,  1875;  H.  Kccse. — A  rolled  iron  cross-tio  of  T  section; 
lugs  stami)ed  out  while  hot  from  the  rolls.  Br,nt  clip  and  horizontal  wedge  fastening 
for  outer  flange  of  rail.     (See  214,192.) 

No.  164,793;  date,  June  22, 1875;  Ramon  Baholas. — Cross-ties  of  J  section,  carrying 
longitudinal  stringers  of  _[_  section,  to  which  flangeless  rails  of  1  section  are  bolted. 

No.  166,625;  date,  August  10,  1875;  R.  E.  Nichols. — A  continuous  hollow  bearing, 
section  similar  to  lower  half  of  letter  A  j  bottom  closed  ;  top  open,  with  horizontal 
flanges  to  carry  the  rail  flange;  cross-tics  of  [ \  section.  Longitudinals  and  cross- 
ties  tilled  with  broken  stone. 

No.  171,422;  date,  December  21,  1875;  John  Quigley.— A  cast-iron  cross-tie  Avith 
chair  combined,  for  street  railway  track. 

No.  172,041;  date,  January  11,  1876;  E.  E.  Lewis. — A  cross-tio  of  +  sectioii,  with 
the  top  vertical  flange  cut  away  for  the  rails,  which  are  secured  by  wedges.  (See 
183,766.) 

No.  170,213;  dale,  Ai)ril  IH,  1H70;  George  1).  P.laisdell.— A  cast-iron  cross-tie,  with 
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No.  "Jl-^jtiH;  date.   Aii<;ust    11>,  l.^TD  ;  C.  V.  Wa^^iicr  (of   At-ntria).  — A  cross-tu;  com 
posod  of  two  [laralU'l  pioctvs  of  T^Horlu)n,  fastcMi'd  toj^t^tluT  by   (•ross-.str'qis.     Boltod 
clip  rail  fustcniiij^s. 

No.  *21"^,878 ;  date,  August  'Jii,  IST'J;  C.  llaiishaw.— A  cioss-tir  luadf  in  two  pircca 
IciiLjthwisi- ;  ouono  piece  arc  clips  for  the  inner  lian;;e  of  one  rail  and  llu;  ont<'r  llan<;o 
of  the  oilier,  and  on  the  other  piece  are  clips  for  the  outer  and  inner  llan«;es,  respect- 
iv<!ly.  The  two  pieces  are  held  tojj^ether  by  a  Hat  li«>i  i/oiil;il  key  diivtMi  liftwtM-ir 
other  clips  in  Hie  middle  of  the  tie. 

No.  '21<J,Sr)G;  date,  September  'J:^  187'.);  II.  A-  Haarniann,  of  Prussia,  (see  No. 
•JOljC)!)?).— A  cross-tie  of  inverted  trough  section  witli  flarini;  sides,  and  a  Hat  or 
grooved  to[)  table.  'r!i«>  rail  fastenings  are  C-shaptid,  with  a  l)olt  passing  under  the 
vail. 

No.  •J"JO,0-it; ;  d;it(\  September  30,  1879;  IT.  T.  Livingston.— A  tubular  cross-tie  of 
oval  s(>ction  with  a  llat  surface  under  each  rail.  Kails  fastened  by  bolts  screwed  into 
the  tie.     Interior  of  tic  packed  hard  with  straw,  grass,  etc. 

No.  221, .')iH) ;  date,  November  11,  1S70  ;  O.  E.  Mnllarky. — A  cross-tic  of  channel  sec- 
tion I  I  with  wooden  bearing  blocks  wedged  inside  under  the  rails.  The  rails  are 
fastened  by  bolted  clips. 

No.  *2'i;i,187;  date,  December  30, 1871) ;  J.  R.  Sullivan.— Two  separate  cast-iron  liear- 
ing  pieces  connected  by  a  tie-bar.     Each  rail  is  secured  by  a  cast-iron  wedge. 

No.  22t),308  ;  date,  April  G,  1880  ;  A.  Greig  (patented  in  England  March  25,  1879). — 
Flat  crose-tics  with  one  or  two  grooves  along  the  wliole  length.  A  brace  or  clip  is 
riveted  to  hold  the  outside  of  the  rail,  and  the  rail  is  hold  against  it  by  a  hook  bolt, 
the  body  of  which  lies  in  the  groove  and  has  a  nut  at  the  end  of  the  tie.  (This  sys- 
tem is  much  used  for  portable  railways  manufactured  in  England.) 

No.2-27.r)0-2;  date.  May  11,  1880;  D.  S.  Whittenhall.— Improvements  on  No.  185,808. 

No.  9,292  (re-issue);  date,  July  13,  1880;  II.  Reese.— See  original  numb.ir  214,192  of 
April  8,  1879. 

No.  230,826;  date,  August  3,  1880;  Lewis  Scolield. — A  cross-tie  of  _P\_  section. 
Riveted  and  bolted  clips  for  rail  fastenings. 

No.  231,755;  date,  August  31,  1880;  William  Brown. — A  hollow  cross-tie  of  rectan- 
gular section,  with  concave  bottom  and  open  ends.  A  rib  at  the  ends  keeps  the  rail 
in  position,  and  it  is  fastened  down  by  hooked  bolts  with  nuts  inside  the  tic. 

No.  233,528;  date,  October  19,  1880;  W.  C.  Lutz. — A  cross  tie  of  X  section,  with  the 
rails  secured  by  flat  hooked  clips  bolted  to  the  side  of  the  vertical  w^eb.     (See  241,389. ) 

No.  235,078  ;  date,  December  7,  1830  ;  G.  II.  Oilman. — A  cast-iron  cross-tie  of  rectan- 
gular section,  with  grooves  to  reduce  the  weight.  The  rails  are  held  by  fixed  and 
movable  lugs. 

No.  235,321 ;  date,  December7,  1880  ;  F.  A.  Williams. — The  two  broad  bearing  plates 
on  which  the  rails  rest  are  connected  by  two  transverse  tic-plates,  placed  on  edge. 

No.  240,987  ;  date.  May  3,  1881 ;  I.  W.  Fleck. — A  cross-tie  ni-idc  of  an  ordinary  rail, 
head  down,  with  Htrengthening  sections  and  a  broad  base  plate  bolted  to  it.  It  is 
curved  into  an  arch  form,  high  in  the  middle;,  with  the  ends  level  for  the  track  rails. 

No.  241,389;  date,  May  10,  1881;  W.  C.  Lutz. — A  cross-tie  of  cylindrical  form,  with 
Hat-bearing  surfaces  for  the  rails;  or  with  a  vertical  web  on  top,  with  notches  for  the 
rails.     (See  233,  528.) 

No.  242,850;  date,  Juno  14,  1881;  H.  Thielsen. — Cross-tie  of  T  section;  in  two 
halves,  one  under  each  rail.  Bent  clips  formed  out  of  the  metal  of  the  tie.  The 
two  i)iccc3  keyed  together  at  the  middle.     (See  317,244.) 

No.  240,888;  date,  September  13,  1881;  G.  A.  Jones. — A  cross-tie  of  _[_  section  with 
the.  ends  formed  into  a  chair.  Tlijo  rail  is  held  in  the  chair  and  sj)iked  to  a  wood 
block. 

No.  247,248;  date,  September  20,  1881 ;  Levi  Haas. —A  cross-tic  made  of  an  old  rail 
with  the  ends  resting  on  wood  blocks  ;  the  track  rails  are  secured  to  tln^  top  of  tho 
tie.     (See  257,572.) 
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No.  •J-<(),110;  (lute,  Juno  '2H,  IS^'3  ;  S.  H.  \Vri<;ht— A  cross-lif  nl'  iiivi'i(.<l-tr(tu;,'li 
-.'ition,  witli  tliM  insido  of  thr  top  flrclied.     (Soo  'Jl)8,5;VJ.) 

No. '^t'O, *,»()() ;  date.  .Iiim-  -JC),  l^iA  ]  J.  M;ihonoy  and  D.  W.  {ShockK-y.— A  cross-tio 
oi^*  •  t     .section,  with  wtxxU'U  boariuj^-block.s.     (See No.  '.iTO,G'.}l.) 

V.>.>l.-iii;:  .lau\  .Inly   -M,  18rt:J ;  A.  Il.lii)aiildiii<;.— A  cross-tio  of  clianutd   .section 

I 1  to   which   Ihi;  rail  is   fastened  by  a  .series  of  Hat  horizontal  kc^ys  or  wedi^iis  in 

iIo\  (-tailed  "grooves. 

No.  J-^iJjOTCt;  ilate,  Aui^ust  14,  ISS'.);  J.  L.  Chapman. —Cros.s-ticj.s  of  .shallow  ch.imicl 

I (,  or  of  two  tlat  plates,  one  above  the  otiier,  separated  by  distance-blocks.     Kadi 

rail  is  secnred  by  bolted  clips  to  a  bod-plate. 

No.  •J8;5,''J:)0;  date,  Anujnst  14,  188;?  ;  11.  F.  Flickin^or. — A  cross-tio  of  J  se(;tion,  to 
which  the  rails  are  secnred  by  fl  bolts  with  tlie  nuts  on  the  under  side  of  the  to]> 
tlange  of  the  tie. 

No. '284,157  ;  date,  August  28,  188:> ;  J.  W.  Young. — A  hollow,  opcn-sidcil,  elastic 
cross-tie  of  1  section  ;  to  be  tilled  with  ballast  or  earth  on  surface  lin{\s.     Two 

or  more  of  these  plates  to  be  placed  inside  one  another,  with  one  side  open,  oi-  to  form 
a  closed  tie.     It  is  claimed  to  be  adapted  to  elevated  roads. 

No. 'J8r),83:5 ;  date,  October  2,  1883;  John  Newton. — Chann(d-iron  stringers   | 1 

with  flat  cross-tics  fastened  to  the  top. 

No.  •28r>,842 ;  date  October  2,  1883;  George  L.  Putnam. — A  cross-tie  of  T  section, 
(U[>ressed  in  the  middle  to  hold  a  water-trough  for  supplying  locomotives.  The  rails 
are  secured  by  bolted  clips.    See  No.  267,930. 

No.  280,980;  date,  October  2,  1883;  Clark  Fisher.— A  beut-i)late  cross-tie,  of  f]  sec- 
tion in  the  middle,  with  flat  ends.  A  U  bolt  passes  under  the  rail,  and  washers  are 
sert'wed  down  on  the  rail  flange  hy  the  nuts. 

No.  287,418;  date,  October  30,  1883;  J.  J.  Clarke  (of  Peru).— A  flat  plate  tie  for 
]>ort.ible  railway  traek,  with  special  joint  fastenings.  (Assigned  to  A.  W.  Colwell, 
New  York.) 

No.  289,806;  date,  December  11.  1883  ;  T.'J.  Bronson  and  A,  Armstrong. — An  iron  or 
steel  cross-tie  of  approximately  semi-cylindrical  section  n>  with  lugs  struck  up  by 
means  of  dies. 

No.  290,793;  date,  December  25,  1883;  L.  O.  Orton.— A  flat  inverted  trough  cross- 
tie,  with  wedge-shaped  boxes  projecting  above  and  below  to  hold  the  bearing  blocks 
and  fastenings. 

No.  291,514  ;  date,  Januarys,  1884;  II.  R.  Holbrook. — A  hollow  cross-tie  of  oval 
-ection,  with  thickened  portions  under  the  rails;  rails  secured  by  bolted  clips. 

No.  292,421;  date,  January  22,  1884;  J.  J.  Du  Bois.— A  cross -tic,  with  dove-tailed 
groove  for  rail  and  a  wedge  fastening. 

No.  293,194;  date,  February  5,  1884;  J.  Revcn. — A  flat  tie-bar  to  keep  rails  from 
si»reading;  one  cn<l  bent  up  to  hold  rail,  the  other  end  having  thread  and  nut,  with 
movable  clamp. 

No.  293,302;  date,  February  12,  1884;  George  W.  Bloodgood.— Bolted  clips  for  fast- 
ening rails  to  ties  of  inverted-trough  section. 

No.  294,191;  date,  February  26,  1884;  T.  Brcen. — A  cross-tic  made  in  two  pieces, 
lengthwise;  placed  side  by  side,  holding  the  rail-chairs  and  fastenings  between 
them.     (Sec  272,8.50.) 

No.  296,725;  date,  April  15,  1884;  W.  T.  Carter.— A  hollow  cross-tie,  with  Hat  top 
and  bottom  and  concave  sides. 

No.  298,539;  date,  May  13,  1884;  S.  B.  Wright.— Fastening  rails  to  inverted-trough 
ero88-ties  l)y  clips  and  T-hoaded  bolts.     (See  No.  280,110.  ) 

No.  299,557:  date,  June  3,  1884;  J,  Lockhart. — A  clamp  or  tie-rod,  toH)e  used  in 
coruiectiou  with  wooden  tics.  A  tie-rod,  running  across  the  track,  has  clamps  to 
hold  the  rail  flanges,  the  inner  clamps  being  held  l)y  set-screws.  It  is  claimed  that 
soft-wood  ties  ran  be  used,  as  there  will  be  no  tendency  for  the  rails  to  spread.  (See 
:;27,285.) 
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No.  :V2(),\2;U  ;  (late,  Jiiiio  IG,  IS6L'.  ;  E,  D.  Dou;j;lK'ity  find  Goor^o  B,  Brvaut. — A  ciosh- 
tii5  of  icctanj^uliir  section,  with  anffiuMiiiij;  in  llio  to[)  table  to  icccivt' .i  sniali«.'r  cross- 
lic  to  whifli  the  rails  ai'c  I'asteiiiMl,  and  wliiidi  rests  on  s[iriii^,^s  jdaci  il  in  tlie  !ai\L!;er 
l)ox. 

No.  :}i:), :>,")() ;  date,  July  *2"<,  18^5;  G.  Murray. — A  Hat  cross-tio  thickeni'd  under  the 
rail,  and  having;  a  rib  at  tlio  bottom  under  eacli  rail,  and  in  tin;  middle  ;  the  rails  .s(5- 
(11  red  by  bolted  plates. 

Xo.  :;:2:?,430;  date,  Augu.st  I,  1H>;") ;  J.  K.Lake. — A  eoiiil>incd  nu-tal  .strin;;('r. and  chair 
lor  street  railways. 

No.  r>2:},809;  date,  Au^just  4,  1S85;  William  15.  l^enninl,^  — A  lon«^itudinal  plate  lies 
under  eaeh  rail ;  with  eross-ties  having  deep  ends  with  X  slots  to  receive  the  web  and 
llange  of  the  rails.     (See  :J76,884.) 

No,  ;Vir),U:JO;  date,  August '25,  18-35;  K.  R.  Shepard. — A  cross-ti(i  ()f  ehannel  section 
I  1  with  one  outer  and  one  inner  lug  for  eacdi  rail,  and  t  wo  |  nlots  for  clips  of 
I  -shape  with  eeceutric  heads. 

No.  :?-3r),874;  date,  September  2>,  1885  ;  P.  Kirk  (of  England).— A  cross-tie  with  in- 
creased thickness  at  the  rail  seats,  and  with  two  lugs  or  clips  punched  up  to  hold  the 
llangt>  of  each  rail  ;  the  rail  being  secured  by  a  wedge  driven  between  the  ilang(» 
and  one  of  the  lugs  (patented  iu  England,  France,  Belgium,  and  Spain,  in  188.5). 

No.  ;Vi7,28o ;  date,  September  29,  1835  ;  J.  Lockhart. — An  improvement  npon  No. 
J. '9,557. 

Nos.  327,745  and  327,843 ;  date,  October  C,  1885;  L.E.  Whipple.— A  cross-tie  of  X 
section,  made  of  two  curved  plates  placed  back  to  back  and  having  flat  plate  across 
top  and  bottom. 

No.  328,632  ;  date,  Octobcr20,  1885  ;  J,  S.  Amnion. — A  cross-tie  of  /{  section  wil  li  rail 
chairs  secured  to  the  top  ridge. 

No.  329,429 ;  date,  November  3, 1885  ;  G.  E.  Baldwin. — A  pair  of  rail  chairs  of  _J'\_ 
shape,  resting  on  wooden  blocks  and  tied  together  by  a  rod.  The  top  table  has  a 
groove  to  receive  the  web  of  a  rail  of  T  section,  having  no  bottom  flange.  Intended 
especially  for  city  railw:ays. 

No.  329,821 ;  date,  November  3,  1885  ;  P.  Davey. — A  cross-tie  of  channel  section,  to^ 
which  the  rails  are  secured  by  keys  and  Z-shajicd  clamps,  the  lower  part  of  the  latter 
lying  inside  the  tie. 

No.  332,384  ;  date,  December  15,  1885 ;  J.  Couley.— A  fastening  for  attacbiug  rails 
to  metal  ties,  which  have  lugs  to  hold  the  outer  flange  of  rail.  The  fastening  is  a  bar 
inside  the  tie,  with  a  hook  at  one  end  projecting  through  a  hole  and  holding  the  rail 
flange,  while  the  other  end  is  bent  up  against  the  end  of  the  tie.     (See  254,802.) 

No.  333,015  ;  date,  December  22, 1885  ;  J.  Howard  and  E.  T.  Bonsfield  (of  England).— 
A  cross  tie  of  y^  \.  section,  with  a  U-shaped  depression  for  each  rail,  the  rail  being 
secured  with  a  wooden  wedge.  (These  ties  have  been  used  with  the  English  double- 
headed  rail  ;  patented  in  England.)     (See  335,523.) 

No.  3:53,480;  date,  December  29,  1885  ;  L.  B.  Prindle. — A  steel  cross-tie  three-eighths 
to  one  inch  thick  ;  channel  section  j  I;  at  each  end  is  a  slot  to  receive  a  tenon  at 
the  bottom  of  a  rail  chair. 

No.  334,228;  date,  January  12,  188G ;  E.  N.  ITigley. — An  improvement  on  No. 
:512,717.     (See  353,028.) 

No.  334,690;  date,  January  19,  1886;  If.  L.  De  Zeng.— An  improvement  in  fasten- 
ings.    (See  Nos.  145,991  and  155,369  ;  also  380,623.^ 

No.  335,523;  date,  February  2,  1886;  J.  Howard  and  E.  T.  Boustield  (of  England).— 
A  cro.ss-tie  made  of  a  metal  sheet  or  plate,  with  one  or  more  corrugations  lengthwi.se, 
the  rails  being  held  in  chairs  made  by  cutting  away  the  corriigations.  (S(>e  No. 
333,01.5.) 

Nos.  335,804  and  335,805;  date,  February  9,  b^KJ ;  E.  P.  J.  Freeman.— A  cro.ss-tie 
made  of  a  sheet  of  metal  l>ent  to  form  a  n'.ctangnlar  box.  A  wooden  block  is  jdaccd 
inside,  nnder  each  rail,  and   a   H[)ike   is  diiven   into    lliewood   through  a  hole    in  the 
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Ni».  \ioi,  l.y.i;  (l;iU«,  Di!coiiil)»jr  1 1,  IHSG  ;  K.  Morrcll. — A  ci'08.s-li»5  iikuIc  ol"  a  i^ilato  bent 
to  roi:ii  a  liolluw  lectangulur  box,  \wth  tho  to})  iiiul  bottom  cut  away  at  tho  luiddlc. 
Till*  rails  aro  lastonoil  to  woodoii  boarini^-blocks  placed  inside  the  tie.     (Sec  3G5,  032.) 

No.  :{,")(*, l»OJ;  date,  January  11,  lr<s7;   S.  1).  Locke. — An  iinprovonient  on  No.  35;{,(JU1. 

No.  ;5.V,114  ;  date,  February  '2'2,  IS,'-'?  ;  .J.  C'laik. — A  cross-tit!  of  channel  section,  with 
chairs  for  the  rails.     ^Seo  No.  2\\.),'AyA,  etc.) 

No.  3r»H,lKSl  ;  date,  March  8,  1887;  J.  C.  Lane. — An  iron  l)ridlc-rod,  made  in  two 
pieces,  bolted  together  at  tho  middle,  to  prevent  rails  from  spreadin<;  at  tho  curves. 

No.  3")l),lir)  and  No.  3")!), 117  ;  date,  March  8,  1887;  \\ .  Wharton,  jr. — A  cross-tic  of 
J_  or  L  soction,  with  the  bottom  llan<;e  bent  uj)  to  make  a  chair  for  the  rails.  To  be 
ust-d  on  street  railways  with  girder  rails. 

No.  3r)9,110;  date,  March  1'),  1887;  T.  Uleason. — A  cross-tie  of  trough  section  ( (, 

with  interior  cross-pieces  or  webs  to  which  tho  rail  clamps  are  fastened. 

N«).  3(;0,:)l»7;  date,  March  il9,  1887;  M.  Y.  Thompj-on.— A  Hat  cross  tie,  with  a  U 
shaped  depression  at  each  end  to  receive  a  w^ooden  beariug-block.  The  rails  are  fast- 
ened by  keys. 

No.  361, UK);  date,  April  Li,  1887;  H.  P.  Adams. — A  cross-tie  of  T  section,  with 
chairs  keyed  to  it. 

No.  3()1,3;]0;  date,  AprillD,  1887  ;  P.  J.  tjcverac,  of  Paris. — A  cross-tic  of  J  section, 
with  the  horizontal  llauges  bent  at  the  ends.  In  some  cases  a  broad  plate  is  riveted 
to  the  Ijottom  llange.  Tho  rails  are  fastened  by  clips  or  keyed  to  chairs.  (This  system 
is  in  use  in  Europe.)  Patented  in  France,  Belgium,  England,  Italy,  and  Spain,  iu 
l884-'85, 

Nos.  3G'2,78ii  and  oG'2,787  ;  date.  May  10,  1887;  J.  Eilcy  (of  Scotland). — A  cross-tie 
of  inverted  trough  section,  with  the  rail  chairs  stamped  or  pressed  by  dies,  the  rails 
being  secured  by  wedges.     (Patented  iu  England  and  Belgium;  1885-'86). 

No.  363,020;  date.  May  17,  1887;  L.Taylor. — A  hollow-box  cross-tie,  with  outsvard- 
Uaring  sides  and  concave  bottom.  The  rails  are  fastened  by  hook  bolts  with  the 
nuts  inside  the  tic. 

No.  36.'), 350  ;  date,  June  21,  1887;  A.  Roelofs. — A  cross-tie  of  channel  |  |  or  in- 
verted trough  section.  The  rails  are  fastened  by  fixed  lugs  on  the  outside,  and  a  tie- 
bar  which  is  sprung  into  x>lace  on  the  inside.  Also  a  flat  tie  with  a  rib  under  each 
rail  and  a  slot  along  the  middle  for  tho  bent  tie-bar. 

No.  365,511 ;  date,  June  28, 1887 ;  F,  X.  Georget. — A  cross-tic  or  longitudinal,  of  chan- 
nel section  I  I,  built  up  of  a  base  plate  and  two  concave  side  plates  with  the  tops 
flanged  outward  horizontally.  The  ties  or  longitudinals  are  connected  by  tie  rods. 
(See  361,125.) 

Nos.  365,932  and  365,933;  date,  July  5,1887;  R.  Morrell. — A  hollow  cross-tie,  made 
of  a  plate  bent  to  an  oblong  section,  with  straps  around  it  at  the  rail  fastenings.  The 
metal  is  cut  away  to  let  the  rails  rest  on  a  wood  block  inside  the  tie ;  the  metal  straps 
keep  the  spikes  from  working  loose  and  allowing  the  rails  to  spread.  Also  a  tie  for 
elevated  roads,  made  of  two  plates  on  edge,  fastened  together  at  the  middle,  and 
flaring  apart  to  admit  wooden  bearing-blocks  betw  een  them.     See  No.  354,433. 

No.  366,546;  date,  July  12,  1887:  N.S.White. — A  cross-tie  of  channel  j  |  or  in- 
verted trough  section,  with  a  base  plate  at  each  end,  with  a  beariug-block  of  wood 
or  other  material  inside  under  each  rail.    The  rails  are  fastened  by  locking  clamps. 

No.  367,325;  date,  July  26,  1887;  John  Splano. — A  cross-tie  of  |  '  (  channel  section, 
with  tho  bottom  of  the  sides  flanged  outwards.  Tho  rails  are  let  into  apertures  iu 
the  top  and  rest  on  the  hooked  ends  of  two  tie-bolts,  tho  inner  ends  of  which  are 
connected  by  a  turnbuckle  which  is  tightened  by  a  wrench,  there  being  a  hole  in  the 
middle  of  the  top  table  of  tlio  tie. 

No.  367,383;  date,  August  2,  1887  ;  J.  Fitzgerald.— The  rails  are  fastened  to  a  cast- 
iron  cross-lie  by  hook-headed  spikes^  which  are  secured  by  horizontal  keys  fitting 
iutocorrespouding  notches  in  the  tie  and  spike. 

No. 369,591;  date,  September  6,  1837;  J.  H.  Coliman.— A   solid  tie  with  a  groove 
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No.  370, 8^4  ;  clato,  .Jiiimary  'Jl,  1HS8;  Williani  li.  llrmiin^.  — A  Hal  l>ar,  bent  up  at 
tho  cutis  to  ombraco  the  llant^o  ami  ^'cb  of  rail.  Loose  aui^lcclainps  on  iiisido  of  rail. 
(See  3'j;{,80t).) 

No.  :>77,l()*i;  (late,  January  :U,  1888;  G.  Kt-ltou. — A  cross  tic  of  cliaui'U!!  scctiou 
I  J,  with  a  separate  bottom,  haviui;  projcctious  on  its  iuucr  side  to^ivc  a  lu)l(l  to 
till'  [)ulp  with  which  the  tie  is  to  be  tilled.  The  rails  are  fastened  liy  hookiid  bolts, 
with  nuts  inside  the  tie,  cavities  being  loft  in  the  pulp  (illiug. 

No.  378,280  ;  date,  February  21,  1888  ;  F.  L.  Barrows.— A  cross-tie  of  inverted  tr()u;j;h 
section,  with  clips  struck  up  on  the  outside  of  the  rail  to  hohl  its  llani^e,  ami  cliiis 
lengthwise  on  the  inside  of  the  rail  to  hold  a  rail  fastening. 

No.  378,9;)0;  date,  March  t>,  1888;  J.  Hill.— A  flat  cross-tie,  corrugated  h.'ngtliwise 
top  ami  bottom,  'flu-  rail  is  keyed  to  a  chair.  The  inventor  i)i-opos<.'sto  use  a  double- 
headed  rail. 

No.  37'J,;U2;  date,  March  13,1888;  S.  B.  Jerome.— A  hollow  rectangular  cross-tic, 
made  of  a  bent  plate.  It  is  to  bo  tilled  with  straw,  sawdust,  etc.,  and  has  a  narrow 
bearing-block  along  the  underside  of  the  top,  to  which  the  rails  are  spiked.  The 
ends  are  closed  by  wood  or  cement  blocks. 

No.  379,399;  date,  March  13,  1888;  J.  Jacobs.— A  cross-tie  of  channel  section  j ( 

with  closed  ends  ;  a  top  plate  is  bolted  on  by  side  clamps  to  form  a  rail  seat,     'ihe 
tic  is  (o  bo  tilled  with  concrete,  etc. 

No.  :)79,.'')74  ;  date,  March  20,  1888;  C.  P.  Hawley.— A  cross-tie  of  J  section,  with 
the  top  ilange  bent  to  make  a  rail  brace.  A  longitudinal  bridge  is  used  under  the 
rail  at  joints. 

No.  379,576;  date,  March  20,  1888;  C.  P.  llawhiy.- A  cross-tie  of  j[  section,  with 
slots  for  the  web  of  a  T  girder,  forming  a  rail  seat,  or  which  can  be  made  a  longi- 
tudinal bearing. 

No.  380,023;  date,  April  3,  1888;  ][.  L.  Do  Zeng.— Improvements  upon  Nos.  331,096 
and  348,550. 

No.  381,125;  date,  April  17,  1888;  F.  X.  Georget. — Improvements  upon  No.  365,511. 

No.  381,860;  date,  April  24,  1888;  E.  R.  Stiles.— A  cross-tie  of  channel  section  [ |, 

with  a  wooden  block  under  each  rail. 

No.  3.82,134;  date.  May  8,  1888;  W.  H.  Britton.— A  cross-tie  of  T  section,  with  the 
vertical  web  corrugated  vertically.     The  rails  are  secured  by  lugs  and  clamps. 

No.  382,394;  date,  May  1,  1888;  J.  B.  Sutherland. — A  cross-tie  of  approximately  Y 
s.ction;  curved  like  the  section  of  a  yacht,  and  with  the  top  edges  bent  in  to  form 
liorizontal  flanges  for  the  rail  chairs. 

No.  382,855;  date,  May  15,  1888;  F.  Barhydt.— A  hollow  box  cross-tie,  with  closed 
ends.  There  is  a  wooden  block  the  full  size  of  the  face  of  the  tie  at  the  top,  and 
another  at  the  bottom  ;  both  inside.  Coil  springs  are  interposed  between  the  top  and 
bottom  sections. 

No.  383,118;  date,  May  22,  1888;  M.  Fitzgerald.— A  cross-tie  of  channel  section 
I J,  with  solid  ends.     Fixed  lugs  and  hooked  spikes  are  the  rail  fastenings. 

No.  384,785;  date,  Juno  19,  1888;  Jacob  Reese.— A  cross-tie  of  n  section,  Avith  a 
groove  along  its  top  table;  rail  seat  bolted  on  top.  The  rail  is  secured  by  a  bolt 
l>assing  under  it  and  through  the  chair,  having  f  washers  to  hold  the  rail  flange.  It 
is  to  be  rolled  from  a  plate  of  No.  7  steel  24  inches  wide;  bedded  in  ballast. 

No.  3^5,395;  date,  July  3,  1888;  R.  T.  White. — A  channel  cross-tie  of  U  section, 
with  rails  secured  to  saddles  by  bolts  and  clips.     (See  375,8.36  and  386,420.) 

No.  385,492;  date,  July  3,   1888;  D.   Y.  Wilson.-A  cross-tie  made  of  two  angles 

I    L_,  ^vith  a  base  plate  and  channel  plate  for  rail  seat  at  each  end.     Rails  bolted 

through  top  and  bottom  plates. 

No.  386,119  ;  date,  July  17,  1888;  R.  W.  Flower,  jr.,  and  S.  L.  Wiegand.— A  hollow 
cross-tie  of  rectangular  section,  with  part  of  the  bottom  cut  away  and  turned  down 
to  prevent  lateral  movement.     The  rails  are  spiked  to  wood  blocks  inside  the  tie. 
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TRHATMI'NT  ()!■  RAILWAY  'llliS  IN  liNCLAK'D. 


The  iuloiniatiou  given  below  is  taken  from  a  x)U[)er  on  "  Engli.sli  Ivail- 
roail  Traek/'  by  ^fi',  \].  K.  Kussell  Tiatniiui  (Transactions  of  llie  Amer- 
ican Society  of  (Jivil  lOnginoeis,  Jnne,  1888).  The  Tnatter  referring  to 
tlie  (ireat  Northern  llailway  (of  Ireland)  was  taken  by  Mr.  Tratinan 
from  a  hi.uhly  interestinjj^  l)ai)er,  "  Description  of  a  Oreosotin<»'  Yard 
for  JJailway  l*nrposes,"  by  Mr.  W.  Greeniiill,  read  before  tin*.  Institution 
of  Civil  I'higiueers  of  Ireland,  in  May,  188G:  the  pai)er  contains  very 
full  particulars,  in  detail,  of  the  plant  and  piocess,  results  of  tests, 
cost,  etc.,  and  is  especially  interesting"  in  that  it  describes  work  done  by 
a  rail\\<'iy  L'om[)any  in  t renting  timber  for  its  own  use. 

Tho  tics  aic  usually  of  Baltic  red  wood,  10  by  5  iuches  by  9  feet,  spaced  2  feet  9 
inches  to '.J  feet  center  to  center.  They  are  almost  invariably  creosoted,  with  about 
7  poumls  of  oil  jier  cubic  foot.  h'on)o  loads  have  Ihe  creosoting  done  by  contract, 
otii  rs  have  their  own  plant  ibr  the  work.  Among  the  latter  may  be  meutioued  the 
l..iii(;i^liiH^  and  Yorkshire  Kailwavund  the  Great  Northern  Railway  (Ireland),  both 
()(■  wliii  li  have  very  large  and  complete  plants,  and  pay  careful  attention  to  tho  im- 
portant iioint  of  tie  i)rc8erving.  [See  also  paper  by  Mr.  John  Bogart,  M.  Am.  Soc.  C. 
E.,  entitled  ••  1  lie  Permanent  Way  of  Railways  in  Great  Britain  and  Ireland;  with 
Special  Reference  to  the  Use  of  Timber  Preserved  and  Uupreserved,"  and  read  No- 
vember '/^O,  1878.*]  I  do  not  think  enough  practical  attention  is  j^aid  in  this  country 
to  the  ([uestion  of  preserving  railroad  ties,  and  some  points  in  the  matter  may  bo 
learned  from  English  practice. 

Usually  the  ties  are  of  rectangular  section,  but  on  tho  Midl.'i<:id  Great  Western  Rail- 
way (Ireland),  they  are  prefenedof  half-round  section,  except  where  the  bearing-plates 
(bed-plates)  are  used.  Mr.  Price  says  that  tor  heavy  traftio  he  would  prefer  sleepers 
1 1  by  f)^  inches  ;  he  uses,  however,  sleepers  10  by  .')  inches,  8  feet  11  inches  long,  always 
creosoted.  Tho  following  is  from  the  company's  specifications:  The  timber  is  to  be 
of  good  sound  Baltic  redwood,  free  from  shakes  and  other  defects,  well  seasoned  and 
dry  ;  90  per  cent,  of  both  rectangular  and  half-round  sleepers  to  have  not  less  than  7^ 
indies  diameter  of  heart-wood,  and  10  per  cent,  not  less  than  7  inches  at  both  ends. 
On  one  side  the  rectangular  sleepers  to  have  50  per  cent,  sharp  edges  down  to  9  inches 
surface,  and  50  percent,  not  less  than  8  inches,  and  on  the  other  side  all  edges  to  be 
sharp.  The  rectangular  sleepers  are  to  bo  grooved  and  bored  and  the  half-round 
sleepers  to  be  grooved,  in  accordance  with  tho  temiilates  which  will  bo  supplied  by 
the  engineer.  After  being  grooved  and  bored  they  are  to  be  placcMl  in  a  receiver  and 
thoroughly  impregnated  with  the  best  creosote  oil  (an  equal  mixture  of  light  brown 
and  black  oil)  under  such  pressure  and  for  such  time  as  shall  entirely  fill  the  pores 
with  the  li(piid.  The  sleepers  are  not  to  be  creosoted  till  they  have  been  stacked  in 
the  contractor's  premises  for  at  least  three  mouths  after  inspection  by  the  eng^ineer. 

*  Transactions,  Vol.  YlII,  page  17,  January,  1879. 

49 
18689— Bull.  3 4 


so 


m  fully  crecMototl. 


I  : 


Uui* 

1 


KSi  AtHUmm  AMU   YoKXAlUUB    lUll-WAY. 

ti  a  M!t«t  »boal  utir 


..u.l.r.   .1    .. 


Will  «r«|  M»  1 


»ll  imn  Irnrlu  aimI  drmvn  oo  •  tnai«»]r  ol  S^foi't 


(Itauietrr,  l*uiU  o( 

tttr-ned   bjr  nioauii  «•: 

^,  ,,.  «  '..-    .  r.-..~.f«  it  t;. 

lO)  t ;  the  air  pump  l!i«'U  r- 

..  ..jH Mill....  lUe  foil  pro^Miro  of  «  -«• 
.ul  len  iiiinutM;  tUb  prrawire  in 

aal  Thr  "par 

,ii,.|  .»vnr  i<i  f 


Aim.., 

limber. 


1 


prw 
ami 


avpni|{ra  about  .jo  pountla  prr 


Av.r 

(iai^ 

Avrrap- 

two  : 

tb»  timbrr: 


crcuaultug . 


MiMl 


'!  ant!  tatik  fi' 


Full  . 

Hpafo  crvoNote  allowed  to  dnp  frooi  ti* 


Total 


Fr..ni  *}-r  rrroiint}nsry!:nf!*Ttb«'!im»»#'r»aM«rtinUa*'k  IntotL- 
tb. 
bail 
uiai'bino  w  ili  "«  Imu      alMnil  »«'\« 

Tbo  li»"- 11. —l  tu  Msatiug.  1' 

arvvnl)  -  vi  follows : 


IM 


>l>r.l. 


jud  cbairiofc  Ihnw  bnmlr^  »«'» 


SI.. 


to  cylinder... . 

.   I.  >r.*.^    fnitK    •-\llliilf.| 


...  .  MM. I  .i.  ^....  >  •  -. .  «>ads  v*^  *-'■ 


51 

Tbo  cost  of  tho  operations,  not  iiicludini;  lli>'  value  nl'  iho  machiuos,  i3   as  follows: 

Loading  white  ties .". por  100..     ^0.  'M 

Adzin;;  and  l)()iiiij; do .  02 

'ranking, <lo .  ()4 

Creosote,  IWO  gallonn do....       (>.  75 

ClKiirini;-  and  spikini; do 2.  44 

Total 10.81 

or  li)."^l  iMMits  ])vr  tie. 

Tlir  whole  ofihe  work  \h  done  at  the  company's  Mton\vards  ;it  (Jastl'ton  and  Knot- 
tin^ly.  and  is  Irt  pieeo-work  at  tho  above  rates. 

(2)  GuE.vT  XouTiiKUX  Kailway  (Ihklaxd). 

In  187(i,  w  hill  a  nnnibtn-  ol'  laihv  ays  were  amalgamated  to  ibrm  this  system,  tho 
n('W  eonipany  deeicU'd  that  all  tho  ties  shonld  ho  creosoted,  and  that  to  insure  tho 
work  Ix'ing  ellieiently  performed,  it  would  erect  a  snitablo  plant  of  its  own  for  sawing, 
grooving,  and  ereosoting  the  timber  to  be  used  for  ties.  After  being  sawc<l,  tho  tics 
are  taken  to  the  grooving-maehine,  which  forms  a  groove  or  scat  for  tho  base  of  flaugo 
rails  by  means  of  cutters  making  2,000  revolutions  per  minnte.  Boring  machinery, 
with  twisted  angers,  was  used  for  a  short  time,  but  the  adoption  of  tho  improved 
ragi^^ed  spike,  which  cuts  its  own  way  without  splitting  the  lie,  enables  holes  to  be 
entirely  dispensed  with,  and  insures  a  tighter  lit  of  tho  spike.  After  being  grooved 
the  ti'js  are  run  out  into  the  yard  on  a  tramway  of  30-inch  gauge,  and  stacked  to  a 
height  of  14  feet,  alternate  tiers  on  edge  and  on  flat. 

The  cylinder  is  CO  feet  long  ((?  tie  lengths),  C  feet  diameter,  built  of  three-eighlhs- 
in(di  plates.  The  safety  valve  is  set  at  110  pounds,  but  seldom  rises  ;  it  is,  however, 
sometimes  lifted  lo  release  air  and  water  when  the  pressure  pumps  are  working. 
There  are  si.x  tanks,  of  such  a  size  that  a  vertical  inch  of  the  six  tanks  represents  lott 
gallons  ;  a  float  is  connected  with  a  gauge  and  scales,  which  show  the  gallons  or 
pounds  of  creosote  forced  into  the  cylinder.  There  are  l|-inch  pipes  in  the  cylinder, 
through  which  the  steam  is  forced  to  heat  the  creosote  to  120  degrees  Fahrenheit, 
thus  dissolving  the  naphthaline,  etc.,  and  rendering  the  creosote  quite  fluid.  There 
is  an  air-pump,  0^  by  10  inches,  which  exhausts  tho  air  from  the  cylinder,  and  tho 
creosote  enters  by  the  atmospheric  pressure  on  the  tanks ;  the  partial  vacuum  does  not 
extract  the  sap  or  affect  tho  timber.  When  tho  cylinder  is  nearly  full  the  valve  is 
( losed,  air-pump  stopped,  and  the  two  force  pumps,  3  by  4  inches,  put  to  work. 
Three  hours  of  steady  pressure  are  required.  The  consumption  of  oil  varies  from  140 
to  ISO  casks  of  3G  to  38  gallons  each,  i)er  week,  and  the  quantity  used  annually  is 
about  2o0,000  gallons.  The  average  quantity  of  creosote  injected  is  2.35  to  2.57  gal- 
lons, or  25  to  27  pounds  per  tie.  About  nine  months'  seasoning  is  customary,  but  a 
longer  period  is  considered  desirable  so  as  to  insure  dryness. 

"Little  or  no  creosote  can  be  forced  into  a  thoroughly  wot  sleeper,  even  Jt  high 
pressures,  and  a  thoroughly  dry  sleeper  will  readily  absorb  a  largo  quantity  of  oil 
which,  when  solidiiied  by  exposure  to  tho  air,  no  moisture,  either  from  air  or  wot 
;rround,  will  succeed  in  removing." 
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The  i)osition  as  to  ([uality,  in  oomp.ir 
c;it«Ml  by  nuMil)t'rs  in  panMitlie.sfs.  ^ 


1)11  w  111    lUo  oIIkt   kinds   uiont  iont-tl,  is  indi 


NV'oitjbt 

cubio 
foot. 

Sppciti<5 
Uiavily. 

Ilesi.stantju 

Trans- 

Dt'sciiption. 

Rango. 

to  in- 
dentation. 

Elu.st  icily. 

vurso 
Btreugtb. 

Wliiteoak  (Qutvcus  aXba^ 

East  of  tlio  Rocky 

IG.  35 

0.7470  (1) 

3388  (G) 

97089  (2) 

90.-,  (1 ) 

I'). 

^Mountains. 

( 'lu-Htimt  or  roi'k-rlicatmit 

^SOrtbeaHtern  and 

40.  73 

0.7499  (0) 

3688  (5) 

125473  (1) 

1031  (2) 

o.ik  {QiiTciifprinus,  //.). 

in      Kentucky. 
Tonnesseo,  and 
Alabama. 

I'-asket  or  cow  oak  {Quer- 

Soutbeusteru 

50.10 

0.8039  (H) 

3725  (1) 

96373  (:J) 

llld  (1) 

riu.  Mi<ftanxii,  Niitt.). 

I5iMi-,  iiios8y-<'up,  or  ovtT- 

Xortbern   United 

46.45 

0.  7453  (0) 

3730  (W) 

92929  (-1) 

982  (.')) 

riij)  oak   (}in'rcus  macro- 

Slates. 

cariia.  Mici.x.). 

I'ost. or  ii.>n  oak  (Qtiercus 

East    of     llocky 

52. 14 

0.83G7  (1) 

4415  (1) 

83257  (5) 

872  («) 

obtuniloha,  M-chx.). 

MouuUiiu.s, 

Ca;ifornia       wliito       oak 

Pacilic  Coast 

46.45 

0.  7453  (5) 

3840  (2) 

81109  (G) 

879  (;*) 

{Qiic'-ais        Garryana, 

Dough). 

I'loni  these  figures  it  would  seem  that,  contrary  to  the  accepted  notion,  the  wliite 
oak,  \r,\x  excellence,  is  inferior  in  all  ])ar(iculars  to  the  chestnut  oalc,  and  in  general 
not  superior  to  any  of  the  others. 

Trnsting  that  Iho  ahovo  information  will  he  of  value  to  you,  and  that,  so  far  as 
your  conditions  enable  you  to  make  use  of  it,  you  will  do  so,  and  thus  to  some  extent 
aid  in  economizing  timber  supplies. 
Yours,  respectfully, 

Norman  J.  Colman, 

Commissioner  of  Agriculture. 

NoTK. — The  objection  to  the  iiijuriou.s  influence  on  their  dnrabiliiy  of  cutting  trees 
ju  the  sap,  Avhich  is  done  to  obtain  bark,  is  met  by  leaving  the  trees  full  length,  with 
limbs  and  leaves  uutrimmed  for  a  fortnight,  wheu  by  the  action  of  the  leaves  a 
more  thorough  seasoning  will  he  accomplished  than  can  otherwise  he  obtained. 

This  ]>ractice  is  common  abroad  wherever  summer  felling  is  a  necessity,  and  has 
proved  itself  so  satisfactory  that  preference  is  given  to  cutting  timber  in  the  leaf. 


CORRESPONDENCE    IN    REPLY    TO    THE 
CHESTNUT-OAK    TIES. 


CIRCULAR    ON 


Louisville,  Xew  Orleans  and  Texas  nailwaij  Company. — My  owft  experience  confirms 
fully  the  facts  stated  in  your  circular.  (.Tames  M.  Edwards,  vice-president  and  gen- 
eral manager.) 

Iluhmond  and  Allegheny  llailroad. — Iliavo  ranked  chestnut  oak  with  white  and  post 
oak  for  thirty  years  past,  and  in  the  middle  sections  of  the  State  the  impression  is 
tliat,  cut  under  similar  conditions,  it  rather  outlasts  the  white  oak.  (R.  D.  Wliil- 
comb,  chief  engineer.) 

Cincinnati,  Xew  Orleans  and  Texas  Pacific  Ilailway  Company. — I  have  soon  your  circular 
concerning  the  value  of  chestnut  oak,  and  am  glad  that  you  called  attention  to  the 
subject. 

We  have  had  its  use  specilied  for  our  cross-ties  on  the  Cincinnati  Southern  Railway 
since  the  first  construction  of  the  traik,  in  1870.     (G.  B.  Nicholson,  chief  engineer.) 

Xanlxrille,  Chattanooga  and  Saint  Louis  Iiaihray. — Plea.se  accept  my  thanks  for  your 
circular  letter  with  reference  to  chestnut  oak  for  cross-ties.     Our  chief  engineer  ad- 
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;Lc  4.4UM  •" 

MrJwMn  t  ru 

tlritw   fnnu  th  '  • 

•ml  ■outhern   C\>u«il«,  ami  ^»  lUactad  lor  t.wu.«Mf  iMlnrncxi 

year'*  mij"'- 

We  ha  '<^oak  ttoa.     Thrar  aro  Um  ociljr  u* 

Imwo  pun  i>a<^M   ■>  M.i  a  halfy^awof  my  preridworjr,  wilh  ;..      -     , 

Miiiin  Muall  loi.of  8o.  aiiyuo  •»«,  we  have  not  hern  very  Ufwal  •iniw-f. 

ill  tl. 

'I !  hervtofuro  «e  have  used  on  e«nr«aMa»> 

i|uttu  lie*  gtuwu  »a  Muxit.4>i  Ihc  »;i4ii  "T  iileoUfal,  Aod  H  had  maleri«llr 

(liiniiilfilit*<l. 

Tho  ii.!  licrpfufe,  may  L<M»me  of  gtr%t  impcniai. 

r.  Wa.l. 


sprx:iiK^\Ti()xs  for  woodi  n  cross-tii-s. 


IMIOPOSKl)    GENEUAf.   SPECIFICATIONS   FOR   CUOSS-TIES. 


Cro8s-tios  will  he  accepted  of  tlio  following  varieticH  of  tiniher:  Oaks  of  the  vari- 
ous kinds  known  as  "  white,"  "black,"  "yellow,"  "  rock,"  or  "  chestunt,"  "  burr," 
and  "  i)i>st,"'  red  oak,  black  locust,  secon«l-growtli  wluto  chestnut,  beech,  red  elm, 
cherry,  maple,  butternut,  tamarack,  and  yellow  pine  of  the  lon_i>-leaved  Southern 
hard  pine  variety  cut  from  untapped  trees,  white  and  red  cedar.  Hemlock  may  be 
acccpti'd  but  only  under  special  contracts. 

SIZE. 

J'irsl  class.  Eight  and  one-half  feet  in  length,  7  inches  in  thickness,  and  not  less 
than  7  inches  width  of  face  on  both  sides  at  the  small  end. 

Second  clas^.  Eight  feet  in  lengtli,  G  inches  in  thickness,  and  not  less  than  7  inches 
widtli  of  face  on  both  sides  at  the  small  end;  and  in  each  class  there  must  boat 
east  one- fourth  of  the  whole  number  that  will  be  not  less  than  10  inches  in  width  of 
faces. 

MANUFACTURE. 

All  ties  must  be  made  from  sound,  thrifty  live  or  green  timber,  free  from  loose  or 
rotten  knots,  worm-holes,  dry-rot,  wind-shakes,  splits,  or  any  other  imperfections 
alVecting  the  strength  or  durability  of  the  timber. 

Not  more  than  1  inch  of  "sap  wood"  will  be  allowed  on  the  edges  or  corners,  and 
none  at  all  on  either  face  of  the  ties  ;  they  must  be  hewed  or  sawed  with  the  faces 
])erfectly  true  and  parallel,  of  the  exact  thickness  si)e ci tied ;  the  faces  must  be  out 
of  "  wind,"  smooth,  and  free  from  any  inequalities  of  surface,  deep  score  marks,  or 
si)linters  ;  they  must  be  cut  or  sawed  sfinaro  on  the  ends  to  the  exact  lengths  given 
and  be  generally  straight  in  all  directions,  and  will  not  be  acceiited  if  more  than  3 
inches  out  of  straight  in  any  direction  ;  and  must  be  peeled  or  stripped  entirely  free 
from  the  bark  before  being  delivered. 

No  "  square  ties,"  either  hewed  or  sawed,  will  be  accepted  excepting  under  special 
contracts.  No  split  ties  will  bo  accepted  under  any  circumstances,  and  "culls" 
only  at  the  option  of  the  company,  and  at  such  prices  as  may  be  agreed  upon  from 
time  to  time. 

DELIVERY. 

All  tics  delivered  along  the  line  of  the  railway  must  bo  stacked  up  in  neat  square 
stacks  of  fifty  tic^s  in  each,  with  alternate  layers  crossing  each  other,  and  on  ground, 
wherever  possible,  as  high  or  higher  than  the  grade  of  the  railroad,  and  in  such  posi- 
tion as  to  admit  of  being  counted  and  inspected  with  ease  and  facility.  Ties  deliv- 
ered at  suitable  and  convenient  places,  accoi)table  to  the  company,  will  be  inspected, 
and  bills  made  for  all  received  and  accepted  up  to  the  last  day  of  each  month,  and 
payment  will  bo  made  for  same  on  or  about  the day  of  the  succeeding  month. 


Chief  Engineer, 
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Ki;PORT  OF  ILXPliRIMliNTS  IN  AVOOl)  SEASONING. 


Chemical  Laboratory, 

Aurora,  ///.,  January  9,  1880. 
Mr.  (r.  W.  Rhodes, 

Siq)crinfendent  M.  P.,  Chicago  and  Burlinf/ton  R.  R.  Co.  : 

Dear  Sir  :  Herewith  is  submitted  a  report  on  a  second  series  of 
*'  experiments  in  the  fluctuation  of  moisture  in  wood  during  seasoning," 
a  report  on  first  series  having  been  submitted  Marcli  2,  1887.  Accom- 
panying this  are  diagrams  showing  the  weekly  fluctuation  of  the  moist- 
ure for  every  piece  used  during  the  experiments,  based  upon  the  exact 
percentages  of  moisture  in  the  tables  given  herein.  In  the  diagrams 
the  nearest  to  a  whole  per  cent,  was  taken. 

The  object  of  this  second  series  was  to  corroborate,  if  possible,  the 
conclusions  of  the  first  series,  viz:  (1)  To  determine  the  time  that  out- 
door seasoning  begins  and  ends  as  indicated  by  the  moisture  j  (2)  to 
ascertain  whether  the  wood  will  again  take  back  moisture  during  the 
wet  seasons  of  the  fall  and  spring;  (3)  effects  of  size  of  wood;  and  (4) 
whether  one  season  is  sufficient  to  season  wood. 

To  determine  these  questions,  fifteen  pieces  of  unseasoned  timber,  as 
wet  as  could  be  obtained,  were  placed  out  of  doors  in  a  latticed  shed, 
and  loosely  piled  with  cleats  between  and  a  board  topping,  all  to  pro- 
tect from  direct  dripping  and  rain,  and  yet  to  be  under  the  same  condi- 
ti(ms  as  outdoor  seasoned  lumber. 

All  of  the  oak  was  from  ICentucky,  the  pine  from  Michigan,  ash  from 
Arkansas,  white-wood  from  Tennessee,  and  elm  from  Michigan. 

Tiie  first  lot  of  lumber,  including  all  but  the  pine,  was  received  Wed- 
nesday, December  20, 1880,  and  the  first  determination  of  moisture  made 
Monday,  January  3,  1887.     The  four  pines  were  received  later,  the  first 
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uiuUturv  tluti-rmioatioii  Ijeiutj  luiMie  April  18,  18«7.    The  fullowiii; 
tilt*  .1-  f. •"..'. .« -  .•■••  •».,.  I  ....I  of  umteriiU : 
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TluTi' an-  \rt   runiiiii;:  two  |»m>4'iv>»  of  piiir 
aro  niiisiictl  :i  tliinl  n*iM)rt  will  Ih>  iiiiidi*  on  **  i  i 

wtHxl  and  niiHcolIaneotia  experimoiitA  in  wood  HenMinia):.'* 

On  »»vc»ry  Monilay  niornin;:  tlio  unionnt  of  ninJMtnn 
Folluwin^  i.s  tin*  nicthtMl  cinploycd  in  tluM*M(iniu(ion:  Ii  i 

of  oac'li  pitTo,  exactly  3  inchcM  woa  miwcmI,  and  from  tliiH  piece  on  tlie 
end  fi-o.shly  8a\V4'd,  and  t-xartly  in  llie  renter.  Nirinjrn  i»f  the  n. 
ohtauHHl,  nsin^  a  ;in«'li  l>it.  TIu'jm*  l»orinj:H  or  rlijps  wm*  In* 
aM<piickly  as  they  left  the  bit,  to  a  previnnsly  wei^lie<l  drying  tube,  uinI 
wIh'Ii  almnt  2A  inrlien  had  Iw'en  lKire<1,  the  tube  xn  (piirkly  and  Rernrely 
Ktoppi'd  and  a;;ain  wci^htMl.  The  amount  nf  ehip.**  of  the  Wf>nd  in  then 
known.  ThiH  tuU*  rontainin;;  tho  rhipM  is  pla<*««<l  in  an  air-4fvi>n  fnr 
one  hour,  at  a  teui|K*nitun'  of  'J^O  degrees  Kahn*nhett ;  then  taken  i»at, 
co4d(*4l  antl  weighe^l.  Thifl  iM  rei»eate<l,  drying  fifteen  minutes  earh  time, 
until  tlio  wi-i;;lir  iM^pin.M  t.T  inrrt-asr  (dnr  |N'rhapM  t«»  m  of  th«* 

re.sinous  matters),  when  the  lowest  weight  obtAiiunl  l.^  :..„. ^  the  ctir- 

rect  one.    The  determinatiouA  wero  nil  niado  by  tho  name  iterKon,  exempt    I 
n  few  during  Marrh  and  April,  isH."*.  and  thus  any  »*i»erHi>n.'il  error** 
avoidiMl  that  miirlil  arise  fmin  tliffen'Ut  iM^rson?*  doint:  the  work. 


COMMK.NTS. 

Ortir.— It  will  l>e  notiee<I  in  the  tables  of  |terrentagMi  of  moiMnre  that 
determinatiouH  were  made  in  eight  pioeenof  oak  of  different  dimennionfi, 
only  one  of  whieh  {\)  wa.s  of  Huflieient  length  to  last  m« 
year.  In  this  piece  the  moisture  tluetuate«l  very  much,  al: 
i.H  noti<H*able  deerea^e  eonimeneing  in  Aprd,  and  lieing  the  lowe««t  the 
latter  part  of  Noveml»er,  when  it  ineriNiHeil  from  30  per  eent.  to  .Vi  ]»er 
ctMit.,  and  then  went  down  again  until  it  ended  in  Mareh.  I  do  not 
attril>ute  the  5  \h^t  eent.  incn^a«e  in  I)eoemU»r  to  the  wood  abHorhing 
nu»isture,  but  to  the  fart  that  the  |ht  rent,  of  mointurv  in  the  center  or 
heart  of  gre«Mi  oak  would  amount  to  this  difference.    An  ex|)eriinent  waa 
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iiuule  on  oak  to  determine  this  point,  a  re[)()rt  oi'  which  will  be  f^iven  in 
the  third  series.  In  oak  G  (dfmension  \)\  inches  by  9;V  inches  by  12  I'eet 
li  in(;hes),  the  nioistnre  at  start  in  Jannary  was  1.)  ])('r  cent.,  and  coni- 
iiKMiced  to  drop  in  March  and  April  and  in  (he  I'oliowini::  months  until 
the  ciul  in  November,  llnctnatin*?  between  oS  per  cent,  and  11  i)er  cent. 
The  reinainin;^-  oak  (IC,  F,  I,  D,  J,  and  E)  all  commence  to  dccrease»iii 
percent aiii'  of  moist nre  dnrin.i;-  ]\Iarch  and  April,  and  show  acoJitinnal 
decrease  toward  the  end  of  the  pieces.  (Jnfortunately  these  pieces  were 
not  of  siiHiricnt  leniith  to  allow  the  nioistnre  to  reach  thc^Jowest  limit, 
but  from  them  wc  can  tell  the  sprini;- months  whi(di  the  season! n<;- be- 
-iiis. 

P(»('. —  Ivxperiments  with  the  pines  were  not  commenced  until  April 
IS,  1SS7,  and  two  test  ])ieces  (X  and  O)  are  still  under  observation.  In 
these  there  is  an  almost  immediate  decrease  in  i)ercentage  of  moisture. 
In  X,  \ho  moisture  droi)ped  from  28  i)er  cent,  in  April  to  12  per  cent. 
October  1,  when  it  increased  to  about  IG  per  cent.,  remaining  at  that 
through  the  full  winter  and  spring,  and  in  the  following  May  again  be- 
gan to  decrease  until  13  per  cent,  was  reached,  where  it  remained  with 
slight  variation.  In  O,  tlic  moisture  in  April,  1887,  was  20  per  cent., 
and  by  the  following  August,  1887,  had  dropped  to  9  per  cent.,  then 
increased  to  about  11  per  cent.,  where  it  remains  with  the  exception  of 
a  slight  drop  in  the  summer. 

Months  of  1888 :  The  piece  of  roofing,  1  inch  thick,  had  14  per  cent,  of 
moisture  in  April,  1887,  and  which  decreased  to  10  i)ercent.  by  August, 
but  the  following  fall  and  winter  months  it  increased  to  16  per  cent., 
and  did  not  decrease  during  the  winter  and  spring  months,  until  Au- 
gust, 1888,  when  it  commenced  to  dro^),  and  by  June,  1888,  the  percent- 
age was  about  the  same  as  the  summer  of  1887.  This  piece  took  up 
moisture  during  the  wet  seasons. 

The  pine  L  (2  inches  by  10  inches  by  18  feet)  when  first  commenced 
in  April  contained  18-20  per  cent,  moisture,  but  immediately  began  to 
decrease  and  reached  the  lowest  percentage  of  moisture  in  the  following 
July  and  August,  then  increased  during  the  fall  and  winter,  amount- 
ing to  17  per  cent,  during  February  and  March  of  1888,  and  again  be- 
ginning to  decrease  in  April  and  continuing  to  do  so  until  the  piece 
ended  in  the  middle  of  July.  The  piece  also  took  up  moisture  during 
tlie  wot  seasons. 

Ash. — Only  one  piece  of  ash  was  used  during  the  experiments,  which 
contained  about  22  i)er  cent,  of  moisture  during  the  months  of  January, 
February,  and  March,  but  during  April  the  percentage  began  to  de- 
creavse,  being  the  lowest  in  August  (11  per  cent.)  and  remained  at  about 
12  per  cent,  during  the  following  fall  and  winter  mouths,  and  until 
March,  1888,  when  the  piece  ended. 

Elm. — The  one  piece  of  elm,  n,  showed  a  steady  decrease  of  moisture 
from  29  per  cent,  in  January,  1887^  to  IG  per  cent,  in  November  of  the 
same  year,  when  the  end  of  the  piece  was  reached. 
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Percentayes  of  moisture — Coutiuucd. 


lUto. 

Oak. 

AaU. 

White 
wood. 

Oak. 

Elm. 

Oak. 

Pino. 

A. 

B. 

C. 

D. 

E. 

V. 

G. 

U. 

I. 

J. 

K. 

L. 

10.20 
lO.Gl 
1 ;')  y.') 

M. 

10.35 
10.18 
11.48 
15.78 
15.19 

14.05 
15.80 

1.^.22 
15.03 
13.51 
13..-8 
13.50 
11.00 
11.80 
12.27 
'11.71 
12.18 
11.40 
11.30 
10.30 
Eud. 

N.    1    0. 

18«8. 
Fob    5 

33  30 

12  97 

1.'..72 
10.20 

i:t..^.H 

1.-..89 
10.14 

15.79 
15.41 

li.Gl 
10.18 
15.29 
14.95 
15.54 
15.22 
1.5.79 
15.95 
1.5.!)0 
15.49 
14.23 
14.29 
13.39 

13.14 
KJ.IO 
13.98 
12.71 
12.30 
12.  ."30 
12.32 
13.25 
12.67 

12.90 
11.79 
11.34 
12.03 
12.70 
11.87 
12.69 
1.''.53 

14  Ol 

13 

13.20 

14  25 

•JO  1  :<•'  i>  1 

13.20 
12.85 
12.'.7 
Euil. 

1 .3  98 

30  GO 
30.08 

'?8.C'J 
22.32 
Eud. 

10.17 
10.65 

1G.47 
IG.Ol 

10.13 

14.1G 

M.ir.  5 

14.08 

12 

13.89 

ID 

13  43 

20 

13  79 

Aiii'.  2 

1. 

15.26 

9 

].'(  85 

1'^  HO 

1(J 

12.02 
12  95 

.... 





10.00 
11.11) 
15.01 

M;iv  7 

■  14 

•J  I 

•js 

.riiM.>4 
11 









14.07 
13.47 

■ 

15  07 

]'>  72 



11.04 
]  3  09 

12  82 

V>  53 

13.81 

l'M4 

13.80 

12.29 

i-( 

12.97 

11.38 

14.^12 
12. 03 
12.95 
12.73 
11.93 
12.11 
12.21 
11.24 
11.08 
Eud. 

11  25 

July  2 

11.44 

12.32 

10 

11.87 

23 

11.46 

30 



11.92 

Au".  G 

11.57 

'l 

11.52 

20 

11.54 

07 

11.91 

Sept.  3 
10 

10.84 

10.81 

17 

11.16 

24 

12.60 

Oct.   1 



12.04 

8 

12.70 

15 

1 

11.89 

1 

Note. — In  tlie  ".staned"  ]>orci)nta}5c  011  y.  piuo  "M,"  tho  cut  was  made  1  foot  from  previous  cue  ou 
acfoHut  of  kiior.  Piixos  "N"uad"0"  have  10  foot  yeD  to  bo  cut.  Tlio  dia<5rams  wore  made  on  per- 
centagcd  up  to  Oct  'bcr  29.  1888, 

CONCLUSION. 


Out  door  sea.soiiing  depends  a  great  deal  on  the  character  of  the 
weather  during  the  year,  that  is,  as  to  an  early  or  late  spring  or  fall, 
liot  or  cold  summer  months,  or  severe  winter,  etc.,  hut  during  tlie  ex- 
jitMimeiits  it  may  be  considered  to  have  been  average  Illinois  weather. 

The  result  of  this  series  of  experiments  shows  that  the  month  during 
wliich  the  seasoning  begins  varies  with  the  kind  of  wood. 

(I)  That  for  oak  the  seasoning  commences  in  March  or  April;  with 
pine  the  exact  month  can  not  be  decided,  as  they  were  not  placed  under 
observation  until  late  (April),  but  all  test  pieces  showed  a  loss  of  moist- 
ure within  a  fortnight  after  being  exposed. 

Ash  and  white-wood  commenced  to  lose  moisture  in  April,  and  elm 
immediately  ou  being  exposed  in  January. 

Xo  law  can  bo  deduced  from  the  experiments  as  to  the  exact  time 
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(2)  All  w  ^lure  ill  iiligbt  amouiiU  aunui;  Vfi  wraiii* 

of  the  fall  a..  .  •*. 

(.1)  Piue  of  Hmall  aimenitiouii  (iiucli  iia  I  iiicli  flooring  "  M  -;  will  al 
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Ilv  E.  E,  Ki 

/.V.iJ  U/ort  at  Jmrriemm  For-  i  .u-a,  ««.,  IlMMi*«r  -.  » 

,mlili.sl..-.l.  .  ::   '»•'{   '>  .rt  from  f 

,l„.  F„;  u,  and  :  i'»  i»»«  <ioviriiuiriii  .i.i.  r 

^,^t  ill  th.  ..  '  ■'  '•**^  fun».«<t>;  a  matter  wliuh 

U  of  far  i,M'  ^*'^*>*  uiicKt»Ioo»1.  and  whifli  >.h 

e«i>ecially  imp  *   «»«  i*'*^  rapid  ^ 

throu;;li  the  1*  KI  ni  ui  lor  timber,  Ihru;,,-  .  d 

tbroiitjh  wastefiU  p:  f  burning:,  hertliu^.  etc,  while  \ery  btlle 

practical  at leiitiou  w  paul  lo  the  qii' 

iiiR,  allhoiiKh  the  foriMl  umler  proi it _  '* 

niKhiiiK'  f.Mitiimt>iis  rp.ps.    The  question  couMdered  i*,  *•  What  is  the 
first  duty  of  the  OeinTal  Gc»veri>n«-nt  ^• 

liou  !•*     It  \a  stated  that  the  uatural  foi.  '  »* 

bvftii  iiurea-sfd  demaml  for  timber  a ud  b>  ^  u»c  and  wanton 

a*  ..and  that  then  ii'i  ^^  •     '        '  -        »  prtxl 

ue. .^.ust  double  the  an  iouour,  'i»a. 

The  national  interest  in  this  qaeation  is  shown  from  four  ^  : 

,  '  j.mI    would   be  l!  •  a 

a   «ouud  land    |  namU 

attention  to  forest  num                 to  prevent  the  i» 

ji,„l  f...        •      '               .,.r  111-.- .1  rational  forest  "• 

tioiit..                                 of  thediHtnbutionof w»  Irvan- 

totion  and  by  the  denudation  of  n  ^ 

f„i     -     '     \  nH»anH  of  amelu ^ 

ii.  moro  habitable. 

OihtT  ii.it n»iiH  have  n»e« 

Kmu  and  havo  the  matter  "" 
ten-Hl  in  not  Humeieul  to  protect  the  forwt  pro|H»rty,  since  to  the  ludi- 

vidua!  it  in  thee.  "  '      " Mie  has  nol 

rarr  for  any  but  ^^"^  ^^^^' 


must  uiulertake  the  management  and  protection  of  the  lonentj*. 


6^ 


CD 

TheOtMieral  Govoniniont  of  tbo  Ciiited  States  owns  about  50,000,000 
to  70.000,000  acres  of  fore>;r  area,  ])riii('ii)a]ly  in  the  far  NN'est  ami  on 
tlu'  Tacifu'  ranges,  and  mostly  on  land  not  lit  for  a<;ri{'nltural  ])ui"poses. 
The  water  sni)i)lifs  for  the  valleys  and  the  a^rie-dtnral  areas  of  these 
re<iions  arc  rc^idatcd  and  iiillnenc(Mi  to  a  <ireat  extent  by  the  forests, 
and  il  is  ilicrcfore  obvions  thai  the  matter  of  |)rcscr\ation  ami  protec- 
tion of  the  forests  is  one  of  imi)ortance  to  the  national  ])rosj)erity  ; 
whereas,  in  fact,  the  timber  is  recklessly  used  and  wasted,  whihi  the 
attempts  to  prcNcnt  the  wastes  are  practically  ineffectual.  A  bill  to 
protect  the  (Government  fv)rests  has,  liowever,  been  subnutted  to  Con- 
<]:ress.  Tiie  rei)ort  referred  to  shows  very  forcibly  the  need  of  legisla- 
tion in  this  direction,  and  of  proper  management  to  regulate  the  cutting, 
to  attend  to  the  nmintenaiu^e  and  protection,  and  to  undertake  the 
planting  of  new  forests  to  furnish  a  future  supi)ly  of  timber. 

Of  course  these  remarks  apply  to  the  consumption  in  total,  but  the 
railways  are  responsible  to  a  considerable  extent,  both  on  account  of 
the  immense  amount  legitimately  consumed  for  ties,  bridges,  trestles, 
buildings,  etc.,  ami  on  account  of  their  was4:.e  and  the  amount  improp- 
erly acquired.     The  report  states  as  follows  : 

Every  laiul-grant  railway,  in  addition  to  its  share  of  the  laud  grant  of  75,000,000 
acres  and  the  light  of  way,  is  permitted  to  cut  timber  "for  first  construction,  adja- 
cent to  the  line  of  its  road.''  But  the  railways  do  not  consider  "construction"'  and 
"  adjacent"  exactly  in  the  sense  in  which  the  lawgivers  did,  and  they  have  cut 
■wherever,  whenever,  and  for  what  purpose  they  chose. 

IJailway  men  as  a  rule  do  not  give  much  attention  to  the  sources  of 
6upi)ly  for  ties,  but,  with  others,  believe  blindly  in  "inexhaustible  "  for- 
ests, or  if  the}'  do  look  forward  at  all  to  a  diminished  supply,  they 
uj-ually  consider  it  as  too  far  in  (he  future  to  require  any  special  atten 
tion  now.  In  point  of  fact,  however,  this  is  even  now  a  very  important 
matter,  which  becomes  more  serious  ever}-  year.  Forests,  although  they 
can  be  made  to  furnish  regular  annual  crops,  can  not  be  grown  in  a  year, 
and  while  ])resent  resources  are  being  recklessly  drawn  upon,  few  steps 
are  being  taken  to  provide  future  resources. 

There  are  four  ways  in  which  the  railways  may  help  to  economize 
the  present  supply  :  (1)  By  taking  more  care  in  the  selection,  cutting, 
and  storing  of  timber;  (2)  by  the  more  general  use  of  iron,  steel,  stone, 
brick,  concrete,  etc.,  for  bridges,  trestles,  buildings,  and  other  construc- 
tion works;  (3)  by  the  introduction  of  some  efficient  and  economical 
preservative  process;  and  (4)  by  the  introduction  ot  metal  cross-ties. 
These  four  methods  ot  economizing  will  be  considered  separately. 

1.  By  telling  more  care  in  the  selection,  cutting,  and  storinf/  of  timber. — 
Sufficient  investigation  has  not  been  made  of  the  availability  of  dif- 
ferent kinds  of  timber  for  railway  work.  For  instance,  there  are  prob- 
ably other  kinds  ot  tind)er  besides  those  now  used  which  are  suitable 
for  ties,  and,  in  fact,  a  circular  was  issued  some  months  ago  by  the  For- 
estry Division*  showing  the  advantages  of  the  hitherto  unused  chestnut 


*See  Circular  on  ]>.  02. 
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oak,  a  »|H-cifA  of  timlMfr  of  wbk-li  the  bark  wa*  iii»rd.  but  ilii- 1»  • 
left  lu  rot,  itft  %'nlu4?  fnr  rmlwuv  lit-N  uol  lifiu^  kuuwii  or  api  i 
An  u  tehiiU  of  tbiit  rin-uhir.  \at;:v  utimbcrii  of  lien  buvr  uo«  bi*«ii  t 
Iriiiii  thiH  woo«l.  t^  wbicli   b«ve  bern  put 

liAbiHl  naujt*  onlv  .-• 

ftod 

rr.! 

L  --  ■  '  ,     ■ 

But  it  biui becu  i«u{(f;eftte«l  tbat  red  oak,  black  loctu«t. and  mbile aod red 
ccdur  iiii;:bt   ImmuUIchI,  and  probablv  oil. 

already  ri'fcrrt'd  to.     TbU  part  of  (be  i|iu   :     , 

iirt'tinii  with   Ibe  ibird  imrl,  aa  ibe  uh€*  of  |itfMTvalive«  may  euable 

otbtT  kiiidK  of  limlH-r  to  If  UHt'il.     J* 

ih  lo  Ik*  no  Miip  \\oo<I  on  tbi*  lace  of  u 

from  sucb  Ireca  an  give  only  coo  lie,  oflen  the  best.    WiUi  reganl  iomi 

liug,  allbuii>;li  «>vi  r  ibis  the  railway  lla^  «»fUi  '  •• 

ca»r  of  nrw  roads  tbrougb  limber  t:t»uniry,  n  ** 

timl)er  waaietl  in  bigb  Blumps  nod  by  t*arelc^«  felling,  etc.,  which  with 

a  lillle  t-au-  iiil;;lit  liavr  Wvu  available  for  lief*  or  lumber.     It 

Ibe  tie.s  an-  t>IU'ii  >lackiMl   np  iii  rloM*  pile.n,  wilboul  any  air -, 

tween  atyacenl  lien,  and  left  tdl  wanted.  b\  wbi«  b  iime  man>  wni  prob- 

ably  t>e  found,  esperially  at  Ibe  l»nitom  of  (be  pile,  to  be  lotleii  and 

UM-lesjs.     If  ibi'V  were  tbrown  iulu  a  |K)nd  or  brook,  of  ecu rM»  nmb-r 

proiHT  HU|K?rviKion,  their  life  when   put   in  the  irark  would 

than  if  tlirv  luid  lieen  slaeketl.     iJrid-^  "••'"•-  ♦•"'  ■  "lierlunii  1 

aliMi  Im'  pn)|KMly  eared  lor  in  Hlonij:r 

-.    Tlif  more  gmeral   use  of  iron,   «/rr/,  */»/»*<.  ituk,  concrrt  r 

britlgrti,  trmtUn,  buiidtHgn,  and  other  cvnstructioH  irorX*.— Un  :        ,      ui 
niu<  b  need  not  be  naid.     Iron  and  aleel  are  becoming  more  and  more 
geniTally  um-iI  for  bridgen  and  lre**(leM,  and  many  lai                      .         i'" 
hlalion.H  are  now  buill  of  ma«ODry.     There  is,  bowi\ .                              > 
iiiueli  greater  economy  yet  to  be  practiced  in  the  use  of  timber  for  rail- 
way st  run  ur«-..  and  ii  will  Im»  1                                                             ■'•' 
idea  llial  a  heavy  outlay  in  ibe  u       _                                                          "f 
course,  apidien  oniy  where  the  heavy  Brat  com  ean  bw  anor«ie«i ;  but  il 
applies  exlfusivrly  lo  wt-allby  eoriMiralion.H,  which  continue  lo  ^-.••> 
mon«*y  antl  iis**  iiud»er  in  buibliii;:  ainl  npainng  limlier  IreMtle*,  - 
wharveH,  etc.,  iuMeiul  of  laying  ou(   a  gooil  lound  8uui  on  |»frii 
workM.     In  (his  n»s|>eel  niurh  might  Ih»  b-arne«l  from  Kum|N-Mii  pia 

:\.   The  introdurtioH  cf  nome  tthc^rnt  and  eruHomiml  prtMerratirt  pn* 

fSM Numeroui*  preservalivr  pr<»<'«*KM'M  have  l»een  e\|M'rimeuti^l  witi 

and  large  ipiantitiea  of  pn»Herve<l  lien,  pile**,  and  IuiuIht  umiI  ;  but  coi» 
Mdering  tb.»  ••nnrmnuH  ijuanlity  of  timber  in  tifleou  Ibe  railways  of  thi- 
oounti  p  loward»  economy  in  this  direction  ia  a  very  inaignifi 
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cant  one.  The  trouble  is  to  tind  a  ^or.d  process  and  to  <:fet  it  tlior()u<]:lily 
oairied  out.  Ditlercut  species  of  timber  and  ditlereut  pieces  of  tin*  same 
timber  absorb  ditlerent  (luantities  of  the  preservative,  thus  producing 
an  undesirabh*  want  of  uniformity.  This  is  specially  troublesome  in  the 
case  of  ties,  some  ties  lastiui;-  for  years  and  others  haviu^^to  be  replaced 
ill  a  short  time,  which  means  considenible  e.\[)ense  for  maintenance 
of  tlie  tiai'k.  in  ICnuland,  where  the  creosotini;-  ])rocess  is  <;enerally 
adoi)ted  tor  ties,  sonu'  railway  couipanies  have  their  own  plant  and 
creosote  their  own  ties,  sometimes  also  sawing  their  own  ties  from  logs 
delivere'i  by  contract.  Sonu'-  of  these  plants  were  described  in  my 
pai)er  on  "  iMiglish  IJailway  Track,"  read  at  the  annual  convention  of 
the  American  Society  of  Civil  Engineers  at  Milwaukee,  Wis.,  in  June, 
ISSS.  Too  little  practical  attention  has  been  given  to  this  question, 
though  it  seems  as  if  some  slow  progress  was  being  made.  Creosoting 
is  very  generally  used  in  Englar.d  and  is  very  successful,  but  the  kind 
of  creosote  used  is  more  expensive  in  this  country.  Some  very  valua- 
ble and  useful  information  on  this  subject  is  contained  in  the  report  of 
the  committee  on  the  preservation  of  timber,  American  Society  of  Civil 
Engineers,  June,  18S3,  and  in  Bulletin  Xo.  1  of  the  Forestry  Division 
for  18S7. 

4.  lUj  the  iniroiluetion  of  metal  cross  ties. — This  subject,  one  of  the 
most  important  in  railway  matters,  from  the  point  of  view  of  the  econ- 
omy and  efficiency  of  the  track  for  operation  and  maintenance  as  well 
as  from  that  of  economy  in  timber,  is  not  given  much  practical  atten- 
tion in  this  country.  Comparatively  little  is  known  in  detail  of  what 
has  been  done  and  is  being  done  in  other  parts  of  the  world,  though  it 
is  usually  nnderstood  that  quite  a  number  of  experiments  have  been 
made  in  foreign  countries.  Experiments  certainly  have  been  made  and 
are  still  being  made,  but  the  matter,  on  the  whole,  is  beyond  the  experi- 
mental stage,  and  metal  ties  have  been  regularly  adopted  on  hundreds 
of  miles  of  track,  with  most  satisfactory  results.  The  reason  why  the 
matter  has  been  so  neglected  in  this  country,  may  probably  be  found  in 
the  undeniable  checqmess  of  so  many  of  our  railways ;  the  fact  being 
frequently  overlooked  that  cheapness  is  expensive,  and  that  what  is 
saved  in  construction  is  paid  out  over  and  over  again  in  maintenance 
and  expenses.  By  this  it  is  not  meant  to  suggest  that  every  road 
should  at  once  put  down  metal  ties,  because  there  are  many  cases  in 
which  this  would  be  inexpedient  if  notimpracticable,  since  many  West- 
ern roads  must  of  necessity  be  built  at  as  low  a  rate  of  first  cost  as  pos- 
sible ;  and  as  the  construction  of  these  roadii  (I  refer  here  only  to  legiti- 
mate enteri)rises)  is  absolutely  necessary  for  the  development  of  cer- 
tain district.-s,  tor  the  benefit  of  those  districts,  and  incidentally  for  the 
benefit  of  the  country  at  large,  there  are  c.ises  in  which,  for  the  present 
at  least,  wooden  ties  may  be  used  and  tiieir  use  put  under  the  head  of 
'' legitimate  consumi)tion.''  But  there  are  other  classes  of  railways: 
there  are  the  roads  which,  having  been  cheaply  built  in  the  first  place, 
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Anntlior  form  of  timl>er  deHtniotion,  and  one  for  ^rlnrh  tbe  railn.i.  > 
irelarjjely  n»j«|)on.Hible,  is  tbat  of  fires;  on  many  linen  tbrougb  tracln 
r  timlHT   llifn*   i.H  abumlant  evidence  of  tlnn  f.irl  in  nlrip?*  of  rliarnnl 
(innpH  and   lo^s  aion^   the   track.  ^olnc^l^H^H  spreadinj:  olT  into  larp* 
pntcbeM.    Tbo  spark  arresters  ou  many  locomotives,  especially  on  lines 
.'!  !  iinportanre,  are  very  iiierti«*ienl,  nn»l  on  some  little  lines  in 

I  _:lainl  over  wliu'h  I  have  I nivele«l,  the  h'chnI  burning  eiigineH, 
iithou;;b  tlttcil  witb  spark  arresters,  tbrow  out  continuous  sbowers  of 
.sparks.  Some  inlere.Hiiuj;  notes  in  resiHN^l  t<»  forest  flrp«  may  l>e  path- 
eretl  fr«»in  Ihe  revirwM  of  the  fore,Hiry  inlercMt  in  each  Slate  anil  Terri- 
tory*— given  in  the  annn.il  n«|M)rt  of  tbe  Division  of  Forestry  for  1M7, 
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by  Mr.  B.  E.  Fernow,  Chief  of  the  Division,  which  report,  as  well  as 
other  publications  of  the  Division,  1  recommend  for  ])ernsal.  to  all  per- 
sons interested  m  this  in)]>or(ant  (juestion  of  our  timber  Kui)plies.  In 
most  cases  there  are  laws  and  i)enalti('s  relatin^,^  to  starting'-  lires,  etc., 
i»iit  the  laws  seem  generally  to  be  a  dead  letter;  they  are  rarely  en- 
forced, and  conse(piently  little  heed  is  paid  to  them.  In  Xew  Jersey, 
tiie  loss  from  fires  for  the  last  lifteen  or  twenty  years  is  said  to  have 
averaged,  on  a  h)w  estimate,  8l,00(),()0()  ayear,  an  amount  which  would 
nearly  pay  the  entire  taxes  of  the  State.  In  INFaryland,  the  loss  l)y  iires, 
"  largely  from  locomotives,"  is  estimated  at  between  830,000  and  840,000 
a  year.  The  total  losses  by  fire  form  in  the  aggregate  an  euormous 
amount  of  timber,  re])resenting  a  wicked  waste  of  material,  and  conse- 
(luentl.v  of  money.  On  the  other  hand,  the  steps  taken  towards  plant- 
ing are  iew  and  insignificant,  being  almost  iuvariably  on  a  very  small 
scale. 

Street  railways,  too,  consume  a  great  amount  of  timber,  and  it  is 
l)robable  that  the  ties,  from  their  being  covered  up  l)ut  not  protected 
from  moisture,  have  a  short  life  compared  with  that  of  ordinary  railway 
ties.  When  we  reach  that  station  of  i)rogress  when  w'e  shall  begin  to 
follow  the  European  precedent  of  building  city  railways  of  iron  and 
concrete,  we  shall  materially  reduce  one  item  of  consumption  of  timber. 
But  proi)er  street  construction  must  come  before,  or  at  least  with,  proper 
street  railway  construction. 

In  conclusion,  the  close  relations  of  railways  to  the  timber  supply 
of  the  country  have,  I  think,  been  clearly  outlined  in  this  paper,  and 
I  sincerely  hope  that  at  no  distant  time  the  railways  will,  in  effect,  co- 
operate with  the  Government  in  the  conservation  and  protection  of  the 
timber  resources,  while  at  the  same  time  they  greatly  improve  the  effi- 
ciency and  value  of  their  own  works. 


I N  D  E  X 


Page. 

Algeria,  use  of  metal  ties  in 15 

America,  South,  use  of  metal  ties  in 17 

American  metal  tics 20 

Area,  forest,  of  the  United  States .'. G'J 

Argentine  Republic,  use  of  metal  ties  in , 17 

Ash,  experiments  in  seasoning 59 

Asia,  use  of  metal  ties  in 15 

Australia,  vmc  of  metal  ties  in IC 

Austria,  use  of  metal  ties  in 13 

Belgium,  use  of  metal  ties  on  railroads  of 12 

"  Berg-et-Marche  "  type  of  tie,  Frauco 11 

*'  Bernard  "  type  of  metal  ties,  Belgium,  France 12, 13 

Bogart,  John,  on  permanent  way  of  railways  in  Great  Britain 49 

"Bowl  ■'  sleepers: 

Africa 14 

Japan 15 

Argentine  Kepnblic 17, 21, 34 

Boyenval-Pousard  type  of  tie,  Algeria 15 

Cape  Colony,  use  of  metal  ties  iu 14 

Channel  tie,  Pennsylvania  Railroad,  description  of 21 

Chestnut-oak,  qualities  of,  iu  comparison  with  other  oaks 53 

Chestnut-oak  ties,  circular  in  regard  to  durability  of. 52 

correspondence  iu  regard  to 53 

Chili,  use  of  metal  ties  iu 17 

China,  use  of  metal  ties  iu 15 

"  Coblyu"  type  of  ties,  France,  Netherlands 13 

Corgress  of  railroads  at  Brussels,  opinions  as  to  use  of  metal  ties 9,  35 

International, Milan, opinions  iu  regard  to  metal  ties 9,35 

Consumption  of  timber  by  railroads 72 

"  Cosijns"  tie,  Netherlands 25 

Cost,  comparative,  of  wood  and  metal  ties 9 

Cost  of  maintenance  with  wood  and  metal  ties 25,  32 

Creosoting  railway  tics 49 

Croi?s-ties,  wooden,  specificatious  for 55 

"  De  Bergue''  systeui  of  iron  plates,  Spain 14 

•'Denham-Olpherts"  type  of  tie,  India 15 

Denmark,  use  of  metal  ties  in 14 

Discussion  of  use  of  metal  ties  before  American  Society  of  Civil  Engineers 33 

Double-headed  rail,  English 8 

75 


7G 

IS: 


Uunibiliiy  of  «hMiaitt. 

4Mk  if^- 

.r  M|)   .OOIC, 

f 

*  j>:imu.U*l  bjf  nUlfWNl.                     ........,, 

r 

r 

^  ♦ 

otoa  or  OM  oi  tiivUki  Ifm  •■ 

*"*»  —  •—'  I"  -  •  — 

uw  of  li>- 

JmvUlt 

Kra 


lUrtru: 


Mrtal  tc 


lk>«tiMi  Bml  Mamr.  antl  Mainr  Crolral  KatlroMU,  dMcri|»- 


-11.      ' ^ 

••I|.  •Miiortrmrk,  Attain 

In«l  iirwiii 
•Ii 

tn*U   I'l 

Italy.  •I-'- 

Jap^ 

I-,,  :  prMerviog  wooden  lie* 

r-  f  trart  nn  Troo»!»-tt  anfl  m^tal  «**• 


M.  ...>  .  ......  .».o  UoitodHiAt. 

ttt 


Africa..  ••• 

Asia... 

AuAiralt  . 

South  Ameilc* 

Mrxiro 

Mexico,  oar  ornK<lal  linaln 

Ncthrrlanda  »f«i««  railwaya,  iiw  of  mrUl  lio*  ou 

didirrrot  •y»l*m«  o«rd 


.-«  al  M  Ian  in  rrgartl  to  tbf  o« - 

Xletaiti                                       .»\  ■«  iti  j'Tvign  i-t -   rvport  on I 

..'f '^ 

American  >«H  J.  i\  olCivi'  ^ '-» 

<i 


11 

U 

ir. 
Id 

IT 
17 
17 
13 


cxperitnrola  wilh • ?r». 31 

New  8oalh  Wair*,  nue  of  nirlal  lira  in 


I  i 

•Oak,  c'lu'stniit,  tiiHulars  in  regard  to  ties  of W 

(luulity,  coinpured  with  that  of  othor  oaks 7>',] 

correspomlenco  in  regard  to 5:* 

Oak  timber,  oxperimentvS  in  seasoning M 

Patents  rehiting  to  metal  railway  track,  list  of 'Mi 

Tanlet-Lavalette  tie,  Franee 11 

rciuisylvania  IJailioad,  trial  of  steel  t  ies 8 

•"  riiillips"  type  of  metal  tie,  Australia   lij 

rine,  experiments  in  seasoniiii; 5'J 

•  Post  "  metal  tie,  Franee,  Xetherlantls.  lielgium,  (iermany,  Switzerland,  Asia.    1*2,25 

description  of. 13 

advantages  of 1'J 

lignres  of  various  types  of i>7 

result  of  use  compared  with  that  of  oak  ties 2'J 

cost  of  maintenance  29,  32 

'Tots"  tried  by  New  York  Central  and  Hudson  Kiver  Ixailroad 1) 

Preservation  of  railway  ties  in  England 49 

C^neensland,  nse  of  metal  ties  in 16 

Kail,  double-headed,  English 8 

Kailroad,  Pennsylvania,  trial  of  steel  ties  by 8 

Boston  and  Maine 8 

Xe w  York  Central 9 

Eailroads,  international  congress  of,  at  Milan,  oniuious  of,  iu  regard  to   use  of 

wood  and  metal  ties 9,  35 

consumption  of  timber  by 72 

and  forest  fires 72 

Eailway,  Lancashire  and  Yorkshire,  method  of  preserving  ties 50 

Great  Northeru,  method  of  preserving  tics 51 

Kail  way  metal  track,  patents  relating  to 3G 

Kailway    ties,  treatment,  of,  for  preservation,  in  England 49 

Railways,  relation  of  to  the  timber  resources  of  the  United'States 68 

how  economize  the  timber  supply C9 

land  grant,  rights  and  privileges  of G9 

in  foreign  countries,  metal  track  for 11 

English,  permanent  way  of,  Bogart 49 

Report  on  experiments  in  wood-seasoning 57 

Kesonrces,  timber,  of  the  United  States,  relation  of  railways  to 68 

Eussia,  nse  of  metal  ties  in 14 

Sap,  remedy  for  evil  of  cutting  trees  iu  the  (note) 53 

Seasoning,  wood,  effect  on,  of  cutting  in  the  sap  (note) 53 

experiments  in. 57 

diagrams  illustrating  63 

Senegal,  use  of  metal  ties  in 15 

**  Severac"  tie,  Belgium,  France 12 

iu  Senegal,  Algeria 15 

-South  America,  nse  of  metal  ties  in 17 

South  Australia,  use  of  metal  ties  in 17 

Spain,  use  of  metal  ties  in 11 

Speciticatious  for  wooden  cross-ties 55 

English 49 

"  Standard  'M  i^ 9 

dcscripl  ion  of 20 

Stimpson,  J.,  first  suggestion  of  metal  track 23 

Stono  ties,  Sweden 23 

Sweden,  nse  of  metal  tics  in 14 


78 


\    X  '        • 

1   ••  ;    »;■     ■ 
1  .« 

Itrfii  rf   Mart  lir."  Vftf  • 


I'u   1 
I»rt 


^  we«lc>ii . . . 

lUrifortl* 

Iloltri,.     L'lr   '  Aiittria 

Iut<  :  'U  aud  Maioo,  aod 

I'hi 

I'CMtt 

III   I  i.iiM'.   I  ••  .;;iiiiii.    .'«t-iiH  iiami". 
ToU  "     are    "  |k>-A  ,   '\ 


■■    1  »U1' 

V  , 

III  Algeria 

■  •i.ii.i       

aota  Kailroai! 

t' 

'"  i"-»"     

ioRgypl.. 

Tratman.  ick  for  raiinMnla  in 


.., ^ al  rmilwajr  lni« 

railirava  to  %h»  (br»«l  rfwurcc* 


Trvalitirnt  of  railwav  ti< 
Tiiilrtl  StatM.  .  Ml 

-al  tiMiin 


•   79 

"  ViUitlieriii '"  \io,  France .^. 11 

in  Al;ioria l."> 

*'  Wt«bl)"  8t«vl  ti«',  Knjrland 11 

on  Pennsylvania  K'ailioail ti 

Wliitfwood,  expn  imcnts  in  seasoning ^ GO 

W'txxl-seasonin;,'^,  it'ixnt  of  «'xperinients  in T)? 

ilia;;ianis  illnstiatinji; {).i 

general  eonolnsions  in  regard  to 60 

Wrought-iron  plate  ties 8 

in  Egypt 15 


o 


